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The experiments on the transplantation of tu- 
mors by Little and Tyzzer (31). Strong (36), 
Strong and Little (40) and Little and Strong (30) 
resulted in the advancement of the genetic theory 
of transplantation. According to this hypothesis, 
susceptibility or non-susceptibility to grafts of 
tumor tissue is dependent upon the genetic rela- 
tionship between the host inoculated and the tumor 
cell. The growth of leukemia (32, 34, 20), other 
tvpes of tumors (see 27 and 28), and the retention 
of normal tissue, such as spleen (29, 12), may be 
explained upon the same basis. 

Sex-linkage (39) and linkage with color genes 
has been indicated (30) and demonstrated (5-9). 
Several investigators (37, 38, 4. 18, 19) have de- 
tected mutations in the genetic constitution of the 
transplantable mammary tumors. Whereas mul- 
tiple mammary tumors from a single animal have 
never required the same genetic make-up for pro- 
gressive growth (39, 4, 18, 19, 5-9), animals inocu- 
lated with multiple grafts of the same tumor re- 
sponded by either growing all or none (3). Gorer 
(21-23) has evidence that there may be a relation- 
ship between some of the genes necessary for the 
growth of some transplanted tumors and_ those 
which determine the presence of an antigen. The 
protective antibodies he considers to be iso-anti- 
bodies. 

Spontaneous mammary cancer in mice usually 
results from the action of three primary factors 
(14). One of these is the mammary tumor milk 
agent (11) which because of its small size, ability 
to propagate in the living cell, and its antigenic 
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the Elsa U. Pardee Foundation. 
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properties may be classified as a filterable agent or 
virus (see 14-16, 35, 2, for literature). 

In various reciprocal crosses between high can- 
cerous strains of mice different incidences have 
been noted in the hybrids depending upon the ma- 
ternal stock. In some crosses these differences were 
noted when the mice were continued as breeders 
(10), in others only the virgin hybrids showed the 
variation (33, 16, 41, 17). How these data may 
be interpretated at this time is problematical. If 
the agents from two high cancerous strains might 
be considered to be the same, then they have dif- 
ferent activities when obtained by hybrid mice 
with the same genetic constitution; if the agents 
are not the same, then the hybrids with identical 
susceptibilities for spontaneous mammary cancer, 
perhaps expressed in part through hormonal stimu- 
lation, produce different activity as determined by 
the incidence of mammary cancer and average can- 
cer age. These in turn may be altered by chang- 
ing the degree of hormonal stimulation (16, 17). 

In this study we have investigated the transplant- 
ability of spontaneous mammary cancer primarily 
from the standpoint of the source of the milk agent. 


MATERIALS AND METHODS 

In Table I we have listed the mammary tumors 
which were transplanted, the strains in which they 
developed and the strains from which the animals 
obtained the milk agent. The tumors were inocu- 
lated subcutaneously by the trochar method. 

The various strains of mice tested with implants 
of these tumors are too well known to require des- 
cription and are given in the various tables. How- 
ever, some lines of these strains had been nursed by 
females of other stocks so that they had obtained 
either the mammary tumor milk agent from the 
fostering mothers or the milk agent had been elimi- 
nated by the same process. 
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Tasre I: Gives TRE ORIGIN OF THE MAMMARY TuworRs Wuicu WERE 
TRANSPLANTED AND TRE Source oF THE MiLtK AGENT 
Source of 


Tumor inoculated Stock of origin milk agent 
Az = 7000 A stock 7. (C3H) stock 
Za =760; Z. (C3H) stock A stock 
La #7412 Z (C3H) stock A stock 
AaZF, = 7008 AQ XK Zo F;, A stock 
ZzAF, = 7665 Z2xXAo F, Z. stock 
D, = 5687 D stock—line 2 LD» line 
D, +5730 D stock—line 1 LD, line 
D. = 0080 D stock—line 2 Ds line 
D, =008, D stock—line & D. line 
D, =o08S D stock—line 1 D, line 
Be = 7106 B stock —line 6 A stock 
By = 74/6 B stock—line 6 A stock 
Bs = 7477 B stock—line 6 A stock 


RESULTS 
The results obtained following the inoculation of 
spontaneous Mammary carcinoma from the A and 
Z (C3H) cancerous strains and their reciprocal hv- 


brids are tabulated in Table II. 


the Z stock, descended from 4 mothers of which ? 
were litter mates, proved to be resistant but were 
found to be susceptible to another Za tumor, No, 
7727. Ten Aa and 3 Ax mice, negative to tumor 
Za No. 7667, were reinoculated with the Az tumor. 
No. 7666 and all grew that tumor progressively. 
The tumors from the reciprocal hybrids between 
the A and Z strains, AaZF, No. 7668 with the milk 
agent from the A stock and ZzAF, No. 7665 with 
the Z milk agent, failed to grow in any of the mice 
of the two parental stocks regardless of milk agent. 
They both grew progressively in all hybrids of the 
A X Z cross, in mice with or without the agent. A 
few hvbrids that had one parent from either the A 
or the Z strain were inoculated and they were all 
resistant to the two hybrid tumors (Table IT). 
Several mammary tumors were transplanted which 
arose spontaneously in breeding females of the di- 
lute brown stock. Several sublines of this stock 


LTS OBTAINED FOLLOWING THE TRANSPLANTATION OF MAMMARY CANCER FROM THE A AND Z (C3H) Stocks AND THEIR RECIPROCAL 


Hysrips (A Tumor wits Z AGENT, No. 7666: Z Tumor with A AGENT. No. 7667: AND RECIPROCAL HyBRID 
TUMORS WITH EITHER A, No. 7668; oR Z MILK AGENT, No. 7665) 





Taste II: Rest 
Stock Genetics 

noculated of hosts Milk agent Az 
Aa A stock A stock 27 
Az A stock Z stock 4 
Ax A stock None 9 
Zz Z stock Z stock 0 
Za Z stock A stock 0 
Zb Z stock None 0 
\aZF, AQ? XZae A stock 3 
ZzAF;, Z2xXKXAC Z stock 0 
ZaAF;, Z2oxXAge A stock 11 
AxZbF Ax? X Zb¢” None 33 
ZbAxF Zb2 X Axc@ None 5 
AaDF, AQ xD¢ A stock 2) 
AalF;, AQ XI¢ A stock 4 
ZzDF, Z2xXD¢d Z stock 0 
DdZF, DD? x Zo D stock 1 
DdAF, Do xXAcdv D stock 7 
AxCeF Ax? XK Cec None 10 
ZbDF;, Zb?2? xX D¢Z None 0 


Tumor Az No. 7666 developed in a female of the 
A strain with the milk agent from the Z stock and 
when transplanted grew progressively. resulting in 
the death of the hosts. in all the animals of the A 
strain and in F, hybrids which had one parent from 
the A strain. Whether or not these animals had the 
milk agent made little difference. One exceptional 
inoculation was noticed in that one of the six F;, 
hybrids between Z and D (dilute brown) strains 
was susceptible to the tumor from the A stock. 

Only animals of the Z (C3H) strain or hybrids 
derived by mating Z mice to animals of other stocks 
responded by being susceptible to the tumor, No. 
7667. which developed spontaneously in a female 
of that strain with the A milk agent. Nine mice of 


7066 Za 7667 AaZk 7668 ZzAF | 7665 
on rs -_ of. = 4. a 
Q Q 5” 0 11 (0) 10 
Q QO 5 Q 4 Q 6 
Q 0 19* (0) 0 0 17 
6 12 0 Q QO 0 6 
3 6 5° Q O 0 8 
17 19 4* (0) 4 0 10 
0 3 0 23 Q 6 0 
0 22 0 + 0 8 Q 
0 5 0 0 0 11 Q 
0 6 Q 15 0 5 0 
Q + 0 32 0 23 0) 
0 0 Y 0 6 0 6 
0 Q 4 Q 8 Q 4 
4 4 0 0) 0) 0) (0) 
5 > () 0 4 0 (0) 
Q Q 5 Q 0 Q 2 
0 0 5 0 0 Q > 
Q Q 0 8 0 0 


were tested and the source of the lines were: sub- 
lines 1 or 12 and 2 or 212, G. W. Woolley, Bar Har- 
bor, while the mice referred to as line 8 had been 
secured from S. G. Warner, Springville, N. Y. The 
results are given in Table III. 

The mice of line 2 of the dilute brown stock and 
their F; hybrids (D2 * Z stocks) showed progres- 
sive growth of grafts of the 2 tumors that arose in 
mice of that line but they were all resistant to 2 
tumors from line 1 and 1 tumor from line 8. The 
2 tumors from line | produced transplanted tumor 
in all but one mouse of that subline and their F; 
hybrids. Six of the 10 mice from line 1 were sus- 
ceptible to a tumor from a mouse of line 8 but none 
grew the tumors from line 2. Mice of line 8 were 
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susceptible to grafts of the tumor from line 8, re- 
sistant to the tumor from line 2, and 1 of 16 grew 
the tumor from line 1. 

four sublines of the C57 black or B stock were 
tested to implants of mammary tumors from that 
stock. They were, with the source of the original 
materials: line 4, W. L. Russell, Bar Harbor; line 
6. KE. Fekete. Bar Harbor: and lines B and D, S. G. 
Warner. Springville. The mammary tumors arose 
in mice of line 6 of the B stock which had the milk 
agent from the A stock. Tumor No. 7106 developed 


time these studies were completed, it has become 
quite evident that the growth of these mammary 
tumors was not associated with the presence of the 
milk agent. Also, had the action of the milk agent 
been primarily responsible for the growth of such 
tumors, multiple primary tumors from a single host 
would have been expected to have given identical 
results when transplanted. That is, the inoculation 
of animals of the generations where segregation of 
the determining genes takes place would be ex- 
pected to grow either all or none of these primary 


Tartr IIL: Restitrs OBTAINED FOLLOWING THE INOCULATION OF SEVERAL MAMMARY TUMORS FROM MICE OF SUBLINES OF THE D oR DILUTE 


BROWN STOCK INTO ANIMALS OF 


Stock Genetics 
Inoculated of hosts Milk agent 

D — Line 2? LD. D» stock 
D — Line 1 D, D, stock 
ZbD, F;, Zb X& D; None 
ZbD». F, Zb &X Ds None 
Zz), F; 7z xX D, Z stock 
ZzD». F; Zz X D>» Z stock 
D — Line 2 D» D» stock 
D — Line & D, Ds stock 
D — Line 1 D, D, stock 


in a mouse of the fostered generation whereas tu- 
mors No. 7476 and No. 7477 occurred in the prog- 
envy of the fostered animals. These tumors were 
inoculated into mice of the B stock which had not 
been fostered and thus would not be expected to 
have the mammary tumor milk agent. No negative 
animals were observed, regardless of sublines, to 
the grafts of the three C57 black tumors (Table 
IV). 

Taste IV: TRANSPLANTATION OF MAMMARY TUMORS FROM MICE OF THE 


B (C57 BLack) Stock WITH THE A MILK AGENT 
INTO B MICE WITHOUT THE AGENT 


_ Stock Tumor #7106 Tumor #7476 Tumor #7477 
inoculated ~~ — - — + — 
B—Line 4 26 0) 0 0 0 0 
B—Line 6 5 0 45 0 41 0 
B—Line B 5 Q Q 0 Q 0 
B—Line D 12 () 11 0 11 0 
DISCUSSION 


The genetic theory of transplantation was ad- 
vanced only after inbred strains of mice had been 
developed. By these studies it has been possible to 
detect genetic changes in the tumor cell (37, 38, 4. 
18, 19) and to determine the homozygosity of 
Strains or sublines of the same strain (25, 26). 

Mammary tumors that developed in F, hybrids 
derived by crossing 2 high cancerous strains of mice 
were found to grow in all of the F, hybrids but in 
few, if any. of the parental stocks (4-9). Although 
the milk agent had not been demonstrated at the 


THESE LINES AND F; HyBRIDS 


Tumor #5687 Tumor #5736 


D — Line 2 DD — Line 1 
+ — + — 
35 (Q) () 12 
0 38 6 0) 
Q 15 15 Q) 
11 (0) () 11 
() 8 Pe! 0) 

6 0 0) 6 
Tumor #6086 Tumor #6087 Tumor #6088 
D — Line 2 D— Line 8 D— Line 1 
+ — + ~ + - 
33 0 Q 33 Q) 30 
0 a 25 0 l 15 
0 10 6 4 9 l 


tumors when they were grafted simultaneously. 
These results have never been realized in that two 
primary tumors from a single host have never been 
found which required identical genes for progressive 
growth (39, 4, 18, 19, 4-9). 

In this report we have considered the transplan- 
tation of spontaneous mammary carcinoma which 
arose in mice of 2 inbred strains of mice after the 
animals had obtained the milk agent from the other 
stock by foster nursing. Previous studies (16. 17) 
showed that the milk agent from the two donor 
strains did not have the same activity (tumor inci- 
dence and average cancer age) in mice with the 
Same genetic susceptibility for spontaneous mam- 
mary cancer. If the growth of these tumors. when 
transplanted, had been dependent entirely upon the 
presence and “type” of milk agent. the following 
results might have been obtained: 

1. If the milk agent from the 2 stocks were the 
same, all animals with the agent would be expected 
to be susceptible while mice of the same genetic 
constitution but without the agent should be resis- 
tant. 

2. If the milk agents from the A and Z strains 
were not identical, the tumor from the A stock with 
the Z agent would be expected to grow in all mice 
with the Z agent and the tumor from the Z stock 
with the A agent should give progressive growth in 
mice with the A agent. 
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3. The growth of tumors from the reciprocal 
hybrids would be dependent upon the presence ot 
the milk agent and respond accordingly. 

The results showed, however. confirming the ob- 
servations of others, that the transplantability of 
these mammary tumors was not dependent upon 
the presence of the milk agent. The tumors grew 
equally well in animals that lacked the agent as in 
those that had it and in mice possessing an agent 
from a different source (!.¢., a different strain) as 
in animals with the agent from the same source as 
was present in the tumor. The reaction of the host 
was dependent upon the genetic relationship be- 
tween the host and the tumor cell. 

The application of these findings to the growth 
of spontaneous mammary cancer In mice would be 
entirely theoretical. If cancer develops as the re- 
sult of a somatic mutation, as has been suggested 
by many investigators. any cell capable of becoming 
cancerous but with a genetic constitution incompati- 
ble with that of the host would not be expected to 
survive. For obvious reasons it would be impos- 
sible to obtain such data. 

Although the mice of all of the sublines of the 
C57 black stock responded alike to grafts of the 3 
tumors from that stock. this does not imply that 
they had the same susceptibility for spontaneous 
mammary cancer. Others have found that the inci- 
dence of spontaneous mammary cancer may range 
from approximately 10 per cent (1. 15) to 76 per 
cent (24) in mice of the various sublines of this 
strain when they have the milk agent. Mice of at 
least 2 of the lines used will develop mammary 
cancer if they possess the agent. 

In the dilute brown stock different incidences of 
spontaneous mammary cancer are being obtained 
in mice of the various sublines. Thus. they may 
have different susceptibilities for the growth of 
transplanted mammary cancer as well as for spon- 
taneous mammary cancer. It has never been sug- 
gested that these may be comparable. 


SUMMARY 


The growth of mammary cancer in mice, as de- 
termined by its transplantability. is dependent upon 
the genetic relationship of the host and the tumor 
cell and not the mammary tumor milk agent. 

The theoretical application of these results to 
the growth of spontaneous mammary cancer was 
considered. 

Genetic differences in sublines of the same stock 
to transplanted mammary tumors may or may not 
indicate genetic variations in the inherited suscepti- 
bility for spontaneous mammary cancer. 
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In recent vears understanding of some of the 
factors involved in atypical growth of carcino- 
genesis of several endocrine organs has been ad- 
vanced significantly. The thyroid gland, despite 
its comparatively simple embryonic and adult mor- 
phology. and despite its presumably simpler inter- 
relationships with other endocrines has not bene- 
fited by these advances. 

Concerning tumors of the human thyroid a volu- 
minous literature, mostly descriptive, has arisen. 
Wegelin (44) first made a distinction, on the basis 
of origin, between those tumors derived from the 
lateral (ultimobranchial) embryonic anlage of the 
thyroid, and those derived from the median com- 
ponent. This distinction has been amplified and 
supported by many pathologists (7, 8, 11, 20, 26, 
42), although discounted by some (19). An inter- 
esting and probably significant observation is the 
fact that almost all human thyroid malignancies 
originate in hypoplastic glands, usually from small, 
benign, adenomatous nodules (13, 25, 27, 44). 
Pemberton reports (27) that only 10 of the 774 
cases of thyroid carcinoma noted by him could be 
said to have arisen in hyperplastic thyroids. An- 
other common characteristic of human thyroid can- 
cers is the relatively high frequency of their meta- 
static establishment in the lungs and in the venous 
channels and heart en route to the lungs (7, 15, 32, 
42.43). Thorek (37) assigns this property of vas- 
cular migration to a pulmonary site, also to some 
thvroidal growths which he classifies as benign 
adenomas. The case which he describes has inter- 
esting counterparts in some of the experimental 
mice described in this report. 

Spontaneous thyroidal tumors in non-primate 
and non-mammalian vertebrates are characterized 
by their rareness (5,35). Some of those reported, 
especially the so-called carcinomas of fish thyroid, 
are probably benign adenomas (12, 24). 

In mice Slye (34) found only 17 spontaneous 
malignant thyroidal growths in 61,700 animals 
examined. Others have described single specimens 
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of rats or mice with carcinoma of the thyroid (6, 
23, 33). 

Slve (34) has provided data indicating that the 
rare tumors of the thyroid in mice have a genetic 
basis. Experimental work dealing with atypical 
growth in the thyroid has been of several catego- 
ries. Some investigators have been concerned with 
the effect on the thyroid of spontaneous or im- 
planted tumors in another part of the body, or of 
distantly applied chemical carcinogens (2. 21, 41). 
Responses to such treatment vary from none, to 
mild epithelial and secretory stimulation. Barry 
and Kennaway (2) found this type of response to 
be quite variable among different strains of mice. 

Esmarch (10) by depositing methyvlcholanthrene 
in contact with the thyroids of rats was able to 
induce formation of 3 sarcomas and 3 squamous 
epitheliomas in the region of treatment. 

The use of goitrogenic drugs and diets has pro- 
vided another means for study of atypical thyroi- 
dal growth. Hellwig (17) produced thyroid ade- 
nomas in rats given iodine-poor, calcium-rich 
diets. Bielschowsky (3, 4) by feeding the goitro- 
gen thiourea with carcinogen 2-acetyl-aminofluo- 
rene, produced nodular adenomatous thyroids in 
rats. Griesbach, Kennedy, and Purves (14) ob- 
tained similar growths by feeding Brassica seed 
diets alone for as long as 41 weeks, and Purves 
and Griesbach (28, 29) by feeding thiourea alone 
to rats for almost two vears observed thyroidal 
growths which they consider malignant. 

Van Dyke (38) found a high normal incidence 
of thyroidal cystadenomas in older rats, accompany- 
ing involutional changes. He presented evidence 
indicating that these cystadenomas are of ultimo- 
branchial origin and that their incidence could be 
increased in younger animals when thyroid involu- 
tion was induced by feeding a choline-deficient diet 
(39). 

The experiments to be reported here were begun 
before the appearance of the work of Bielschowsky 
and Griesbach (3, 14). They deal with mice of 
several inbred genetic strains kept for as long as 
82 weeks on goitrogenic diets containing thiourea 
or thiouracil. To some of the mice on such diets, 
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the carcinogen benzpyrene was administered sub- 
cutaneously, and to some, after the appearance of 
Bielschowsky’s publication (3), 2-acetyl-amino- 
fluorene was fed. It is hoped that this report will 
add to the understanding of the relation of goitrogens 
to possible carcinogenesis. It differs from the pre- 
vious publications in (a) dealing with mice instead 
of rats, (b) the length of treatment, (c) the de- 
scription of the histological changes predisposing to 
blood vessel “invasion” by thyroid, (d) the investi- 
gation of the effect of discontinuing the goitrogenic 
diet after advanced stages of atypical growth have 
been achieved, and (e) the attention paid to the 
behavior of ultimobranchial tissue during these 
changes. Also, it is possible to speak of differences 
mediated by genetic factors since several inbred 
strains were tested. 


thiourea were given a tracer dose of 15 pc. of 
radioactive I['*' 24 hours before autopsy. 

All thyroid glands were fixed in Bouin’s fluid 
and serially sectioned. Sections were stained with 
hematoxylin and eosin. Lungs, when taken, were 
given the same treatment. Pituitaries were fixed in 
10 per cent formalin and stained with a modified 
Mallory stain (33). 

Unstained serial sections of thyroids from ani- 
mals given radio-iodine were exposed to x-ray film, 
for preparation of radio-autographs according to 
the method described by Hamilton, Soley, and 
Eichorn (16). The sections were afterward stained 
with hematoxylin and eosin. 

Two groups of 6 animals from both the thiourea 
and the thiouracil feeding experiments were re- 
turned to the stock (Purina fox chow) diet for a 


TABLE I: NUMBERS OF ANIMALS EXAMINED IN EACH PHASE OF EXPERIMENTAL TREATMENT 


Genetic strain A 
Untreated control s , 36 
2% Thiourea 31 (53)* 
0.1% Thiouracil 23 (28) 
2% Thiourea, 1 mgm. benzpyrene 26 (41) 
1.0% Thiourea, 0.05% aceto- 
aminofluorene 19 (24) 


2% Thiourea, estradiol 
Estradiol 


AX C3Ht AX CBAT 
Cs7 I hybrid hybrid 

51 35 4 4 
43 (65)* 17 (24) 9 4 
26 (29) 20 (24) 
20 (24) 
17 (18) 19 (24) 

9 + 


* Figures in parentheses indicate numbers of animals at beginning of experiment. 
+t Thyroids of mice in these groups obtained from animals treated for another purpose by Dr. W. U. Gardner. 


MATERIALS AND METHODS 


A total of 434 mice, including 122 untreated 
controls, was examined, of an original 527 animals 
started in the experiment. The apportioning of 
animals of different strains to various phases of 
the investigation is detailed in Table I. Mice 
were all between 1 and 3 months of age at the 
beginning of treatment. 

The 2 per cent thiourea diet was prepared by 
adding finely ground thiourea (Eastman Kodak) 
to powdered Purina fox chow. The 0.1 per cent 
thiouracil diet was prepared for feeding in a simi- 
lar fashion, as was the 1.0 per cent thiourea-0.05 
per cent acetoaminofluorene diet.' Forty-six of the 
animals included in this report were given 1.0 mgm. 
of benzpyrene in olive oil in a single subcutaneous 
injection about 30 days after first being placed on 
the 2 per cent thiourea diet. Estradiol was admin- 
istered either by subcutaneous injection in sesame 
oil, or by subcutaneous implantation of a pellet. 

Twelve mice selected from the group receiving 


a 





$a 


*Thiouracil was generously supplied by Lederle Labora- 
tories and acetyl-aminofluorene, through the courtesy of Mr. 
T. B. Wallace, by Smith, Kline and French Laboratories. 


week preceding autopsy to learn whether the in- 
duced thyroidal changes were reversible. 

Tumors, which frequently developed subcuta- 
neously in thiourea-benzpyrene-treated animals 
were transplanted, at least once, into normal ani- 
mals of the same strain. Since most of these proved 
to be sarcomas of local origin, no attempt was made 
to investigate their properties further. 


RESULTS 
MorTALITY AND Gross EFFECTS 


The high mortality revealed in Table I provides 
an index to the toxicity of the dosages of goitrogens 
given. The use of these toxic dosages was calcu- 
lated to give the maximum thyroidal effect. The 
greatest mortality occurred in the initial phases of 
the experiment. Relatively few animals died as 
the length of the period of dietary treatment in- 
creased. The A strain mice were much more sus- 
ceptible to the toxic effects of thiourea than the 
C57 strain. In the dosages given, thiourea was 
more toxic than thiouracil. Perhaps because of the 
unpalatability of the diet, surviving mice were very 
cannibalistic in the presence of a dead or dying 
mouse. For this reason, often it was not possible 





7 
3 
cas 
i 
: 


ere Ce 


ii BRM | 


a ee ee 





748 Cancer Research 





to autopsy animals dead tor more than a few hours. 
Table I shows, for example, that only 58 per cent 
of A strain mice started on the thiourea diet were 
autopsied. The percentage of animals reaching 
autopsy in other phases of the experiment was 
somewhat higher. Although tissues of mice dead 
for an unknown length of time before autopsv 
often were sectioned, thev were not used as the 
basis for any descriptions of histological changes 
presented in this report. 

Body weights of experimental animals on goitro- 
genic diets were always lower than controls. Ani- 
mals on thiourea diets weighed about 12 gm. at 2 
vears of age in contrast to the normal range of 27 
to 30 gm. Body weight plateaued early. or even 
decreased from a higher initial weight. The body 
weight of thiouracil-fed mice was less markedly 
affected. Skeletal growth continued, at least for a 
time. so that such animals alwavs had a gaunt. 
emaciated aspect. Hair was very fine and sparse. 
resembling that of voung animals in texture, but 
not in amount. 

It is interesting that the vaginal membranes of 
females kept on thiourea for as long as 82 weeks 
had never become perforated. The usual time of 
vaginal opening in these strains is about 6 weeks. 
This was not true of thiouracil-fed animals, which, 
in fact. continued to have litters for about 6 weeks 
after beginning of their dietary treatment. After 
this. breeding activity ceased. but no gonadal 
atrophy was observed. 

At autopsy, gross findings were, as a rule, quite 
uniform. Thvyroids were always enlarged. In ad- 
vanced stages of treatment with either of the 2 
goitrogens extremes were seen in which the thyroid 
extended into the mediastinum below the clavicle. 
After about 200 days of treatment, large fluid-filled 
cysts, some as large as 1.0 to 1.5 mm. in diameter, 
were grossly visible. Great vascularity, and in- 
crease in diameter of veins especially, was char- 
acteristic. Additional treatment with benzpyrene 
or acetoaminofluorene had no apparent augmenting 
effect. 


Pituitaries showed little if any gross response, 
Lungs of all goitrogen-fed animals had frequent 
congested areas, rarely seen in controls. These 
appeared as red spots on the surface, about 2 mm. 
in diameter. Abdominal viscera showed nothing 
unusual, except for the gonads and accessory struc- 
tures. In thiourea-fed animals, gonads were of 
very small (usually infantile) size and yellowish 
color. Uteri, seminal vesicles, and prostate glands 
were of infantile size. Thiouracil-fed animals, al- 
though apparently sterile after 6 weeks of treat- 
ment, had gonads of normal, though small, size. 
and accessory organs were of a similar range of 
size. 


EFFECTS ON Microscopic STRUCTURE OF THYROID 


A. Control—Few descriptions of normal thy- 
roid morphology in the mouse exist in the published 
literature against which one may gauge experi- 
mental variations. Smith and Starkey (36), de- 
scribe age changes principally in regard to connec- 
tive tissue, and Van Dyke (40) describes the 
occurrence of ciliated cells in thyroids of normal 
mice. The following brief description of thyroid 
structure in the mouse supplements these observa- 
tions and deals specifically with mice of the strains 
used in the experimental work, fed a stock diet of 
Purina fox chow. A more detailed account of nor- 
mal thyroid structure is being prepared separately. 

In younger mice of all strains studied, up to 4 
months of age, thyroids present a rather uniform 
appearance (Fig. 1). The general aspect is that of 
a physiologically active gland. There is a compara- 
tively short antero-posterior axis. The follicles are 
small, usually about 10 cells in a circumferential 
section, and colloid usually is well scalloped in the 
neighborhood of the epithelial cells. Follicular tis- 
sue of ultimobranchial origin can be recognized by 
position and by morphological differences. In young 
animals a recognizable fibrous-tissue septum often 
exists between the ultimobranchial thyroid follicles 
and those of median pharyngeal origin. The most 
characteristic follicles of ultimobranchial origin are 





DESCRIPTION OF FIGURES 1 TO 6 


Fic. 1—Thyroid of untreated C57 strain mouse, three 
months of age. Note larger follicles in cortical region. Mag. 
x 95. 

Fic. 2.—Thyroid of untreated C57 strain mouse 470 days 
of age. Follicular epithelium is irregular and follicles are 
separated by hyaline type connective tissue. Mag. * 95. 

Fic. 3—Thyroid of A strain mouse after seven days 
feeding with thiourea. Cells are hypertrophied; colloid is 
vacuolated. Mag. x 190. 

Fic. 4.—Thyroid of C57 strain mouse after 39 days 
feeding with thiourea. Increased vascularity and cellular 
hypertrophy; colloid is almost absent; follicular lumina are 


irregular due to papillary projections of epithelium. Mag. 
x 190. 

Fic. 5—Thyroid of A strain mouse after 196 days feeding 
with thiourea showing growth of cortical follicles and be- 
ginning cyst formation. Note papillary and follicular growth 
into lumina of enlarged follicles, and reaccumulation of 
colloid in enlarged follicles. Mag. * 95. 

Fic. 6.—Thyroid of A strain mouse after 261 days feeding 
thiourea. The lumen of the medium sized cyst (0.6 mm. 
long) is partly filled by ingrowing tissue. Parenchyma of 
very small follicles and cellular cords. Mag. X 95. 
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irregular, often tubular, in shape. They are lined 
by an alternately cuboidal and squamous epithe- 
lium (sometimes stratified). Frequently some of 
the cuboidal cells are ciliated. Ciliated cells are 
much more common, however, in thvroids of older 
animals. Colloid in these ciliated follicles has a 
very foamy character and is lightly eosinophil in 
staining capacity. Grouped around such primary 
ultimobranchial follicles are follicles of apparently 
derived nature. These satellites of the primary 
ultimobranchial follicle have a lower epithelium 
(often squamous) than other follicles, and a denser, 
unvacuolated colloid. Further removed from the 
primary ultimobranchial follicle the satellite fol- 
licles are increasingly difficult to distinguish from 
other follicles and merge with them. 

In older animals follicles are somewhat larger 
and an increasingly greater heteromorphism de- 
velops between thyroid follicles of lateral and me- 
dian pharyngeal origin. Normal thyroid follicles 
are lined by a cuboidal epithelium. Epithelial cells 
have a fine granular, lightly staining purplish cvto- 
plasm. Colloid is relatively densely eosinophilic 
and unvacuolated. Primary ultimobranchial fol- 
licles in older animals become quite large and com- 
plexlvy branched and stand out clearly from sur- 
rounding tissue. Ciliated cells occur in tufts and 
may be quite prominent. The tendency for devel- 
opment of large ciliated follicles is much greater 
in the A and I strains than in the C57 strain. 
Satellite follicles are of two sizes. one smaller and 
the other larger than surrounding tvpical follicles. 
In both types the epithelium is lower and more 
densely basophilic and the colloid is darker than 
in other follicles. The larger colloid-filled follicles 
often form a distinct annular zone around the pri- 
mary ultimobranchial follicles. There is a pro- 
gressive infiltration of aging thyroids by fatty and 
fibrous connective tissue (Fig. 2) until follicles 
become widely separated. 

B. Initial effects of thiourea and thiouracil.— 
The only notable difference in effect on thyroid of 
the two goitrogens tested (in dosages given) was a 
slightly more rapid progression of changes on the 
thiourea diet. For this reason no attempt will be 
made to distinguish between the effects of these 
agents. The first effect of thiourea and thiouracil, 
noted in animals fed for 7 days, is hypertrophy 
of epithelial cells and reduction in colloid (Fig. 3). 
Cells are enlarged in width as well as height and en- 
croach upon and decrease the diameter of the fol- 
licular lumen. Colloid is highly vacuolated and less 
eosinophilic. Recognizable ultimobranchial follicles 
are only slightly affected at this time. 


Treatment for 40 to 60 days.—Such hyperplasia 
continues, advancing in degree, until 40 to 60 days 
of treatment, when changes in character of the fol- 
licles begin. At one or more points in the follicular 
wall cells become stratified forming local thick- 
nesses (Fig. 4) and finally begin to project into 
the lumen as low, broad papillae. Epithelial cells 
at this time are low columnar in shape but consid- 
erably larger than in untreated mice. The cyto- 
plasm is uniformly lightly basophilic. The nucleus 
is large, vesicular, and clear, with most of the visi- 
ble chromatin near the nuclear membrane. Colloid 
is almost entirely gone, and is present as occasional 
lightly eosinophilic strands. There is a striking uni- 
formity in the appearance of the thyroid as a whole, 
the characteristic differences between the cortical 
and medullary regions of the thyroid disappearing. 
This tendency toward uniformity is seen in the ulti- 
mobranchial region of the thyroid as well. The dis- 
tinction between ultimobranchial follicles and others 
becomes increasingly difficult to make. In almost 
all animals, however, the primary ultimobranchial 
follicle with its ciliated epithelium and bubbly col- 
loid still can be found. 

Vascularity is increased very greatly. The gross 
effect of this increase upon examining the thyroid 
under low power is an apparent separation of the 
follicular by interstitial elements. 

Treatment for 100 to 110 days—rThe develop- 
ment of a zone of somewhat larger peripheral fol- 
licles by the one-hundredth day of thiourea or 
thiouracil-feeding eradicates the uniformity in cross- 
sectional appearance seen in shorter periods of 
treatment. All follicles at this time are very irregu- 
lar in shape and contain several papillary ingrowths 
which vary from broad truncate to narrow pedun- 
culate in appearance. The papillae are composed 
either of epithelial tissue, or else contain a core of 
fibrous and vascular tissues. 

A striking increase in heteromorphism in epi- 
thelial cells occurs at this stage of treatment, in 
contrast with the previous homogeneity. Especially 
near the apices of the follicular papillary ingrowths 
a new small, dark type of cell may be found. Nuclei 
in such cells are conspicuously smaller though still 
vesicular. At the apices of papillae some pycnotic 
cells also may be found. It is possible that this 
pycnosis in cells so situated is induced by the 
gradual displacement from their blood supply. In 
larger cells, forming the major epithelial part of 
the thyroid, a conspicuous non-granular perinuclear 
zone develops. Colloid, which was almost com- 
pletely absent in thyroids of mice treated for 40 to 
60 days, makes its reappearance after 100 days. It 
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appears as a very lightly eosinophilic material which 
filis the follicles. 

(he ultimobranchial zone of the thyroid is al- 
most indistinguishable from the remainder of the 
eland. Follicles in this zone are smaller, however, 
and contain fewer papillae. In only 1 animal of 
this group was a ciliated primary ultimobranchial 
follicle found. 

Further vascular changes include: (a) fibrous 
thickening of the media in larger arteries (e. g., 
superior thyroid artery), (b) development of ve- 
nous sinuses, especially near the medial surface, 
apparently by fusion and consolidation of venous 
and capillary channels at certain points, and (c) 
development of small basophilic thrombus-like 
structures projecting into the lumina of veins in or 
near the thyroid. 

Treatment for 140 to 150 days.—After 140 days 
of goitrogen feeding an interesting feature is the 
formation of secondary follicles within pre-exist- 
ing enlarged follicles. These characteristically de- 
velop by accumulation of colloid just beneath the 
apical epithelium of an intrafollicular papilla. Since 
this further removes the apical cells from their vas- 
cular supply they undergo more extreme pycnotic 
and even degenerative changes. The free (apical) 
portion of such secondary follicles becomes ex- 
tremely thin, apparently stretched by the accumu- 
lation of colloid. This colloid would seem to be 
secreted by the active-looking cuboidal and colum- 
nar cells forming the part of the wall of the second- 
ary follicle attached to the primary follicle. 

Another feature which is obvious in thyroids at 
this stage of treatment is a growing disparity in 
the sizes of follicles. A few unusually large follicles. 
with a large number of papillary ingrowths are 
found, most often peripherally. Between them are 
numerous follicles so small that lumina are diffi- 
cult to find in any one cross-section. 

Characteristic of this stage of goitrogen admin- 
istration is the gradual accumulation of much in- 
terfollicular epithelial tissue. Such interfollicular 
cells are obviously derived from the walls of larger 
follicles, and are arranged as very tiny follicles 
containing a small amount of colloid, or else as 
non-follicular masses. Two new cytological char- 
acters are (a) the appearance of large spherical 
vellow granules in the cytoplasm of the epithelium 
of only certain larger follicles, otherwise not differ- 
ent from follicles not showing this feature, (b) the 
development of enlarged cells whose cytoplasm is 
almost completely agranular and chromophobic. 
These empty-looking cells are restricted to the ex- 
treme edge of the thyroid (Fig. 8). 


In the ultimobranchial region of the thyroid at 
this stage, no morphological characteristics can be 
found to differentiate it from the remainder of the 
gland, and therefore ultimobranchial tissue as such 
is no longer identifiable. 

Treatment for 180 to 200 days.—After 150 days 
of feeding goitrogen the thyroid loses its regularity 
of outline, and grossly exhibits a “lumpy” outline. 
The lateral dimension of the whole thyroid is in- 
creased, and there is the appearance of turgidity 
and pressure against the capsular membrane. 

After 180 days, a number of large cvstic follicles 
develop (usually about 10 to 30) which are easily 
visible even grossly. In size they may be as much 
as 1.5 mm. in diameter. Microscopically these cys- 
tic follicles are characterized by a low cuboidal, or 
even squamous epithelium, and large numbers of 
ingrowing papillae (Figs. 6, 7). The epithelium 
covering the papillae is much more active in mor- 
phologic appearance, being composed of large cu- 
boidal or columnar cells. The lumen of the follicu- 
lar cysts contains also as many as 4 or 5 secondary 
follicles, whose epithelium is_ characteristically 
squamous, and often degenerating. In a few in- 
stances a secondary follicle contains a tertiary one. 
Arranged in ring-like zones about the cystic fol- 
licles, and apparently derived from them by cen- 
tripetal proliferation, are very small follicles and 
non-follicular epithelial cells. Excepting the cysts, 
very little colloid-containing space remains in the 
thyroid, giving the gland at this time a compactly 
cellular aspect. In a few of the smaller cystic fol- 
licles the colloid has a variegated appearance con- 
taining irregular dark-staining areas. In the epi- 
thelial cells of such follicles vellow pigment gran- 
ules are found almost alwavs. 

Treatment for 220 to 300 dayvs—The large cysts 
so conspicuous at 200 days are almost completely 
filled by 300 davs of treatment. The areas made 
up of cells which have filled the individual cysts 
have a nodular appearance. The only conspicuous 
colloid remaining at 300 days is in the few con- 
stricted lumina of former cysts. 

The cells forming the thyroidal parenchyma are 
larger, both in size of the nucleus and volume of 
cytoplasm, and are much more uniform in various 
parts of the gland. The enlarged non-granular 
cells found at the periphery of the thyroid in ear- 
lier stages of treatment are almost entirely absent 
by 300 days. The arrangement of cells, especially 
in the nodules derived by filling of cysts, is as tiny 
follicles, many without lumina, and in cellular 
cords. Together with the hypertrophic appearance 


of the cells, this gives a fetal aspect to the micro- 
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scopic structure of portions of the thyroid (Figs. 
10, 11, 12). The vascular fusions and thrombus 
formations noted in earlier phases of treatment be- 
come cumulatively more extensive. 

Treatment for 300 to 500 days—The longest 
treatment period was 566 days. However, after 
about 350 to 400 davs when maximum vascular 
effects seemed to be achieved, there was no further 
notable structural change. 

The progressively greater anaplastic and fetal 
appearance seen developing earlier is characteristic 
after 300 davs. This is all the more remarkable 
when it is noted that thyroids of untreated con- 
trol animals of corresponding age are undergoing 
senile involution at this time. In thyroids of older 
mice it has been noted by several earlier observers 
(1, 36) that a progressive hyaline fibrosis occurs. 
No indication of such fibrotic changes can be seen 
in goitrogen-fed mice despite their age, and despite 
the fact that senile changes are occurring in other 
organs (e. g., calcification of tracheal cartilages. ) 

Few of the follicular cysts remain after 300 days, 
and those which are distinguished as cysts have 
their lumina almost completely filled by papillary 
and small follicular cellular groups. Colloid is 
found only as thinly staining strands, except in the 
lumina of the former cysts, where it stains strongly 
with eosin, and fills all of the available space. 

It is interesting that in spite of all the growth 
undergone by the thyroid during goitrogen treat- 
ment no obvious mitotic stimulation could be ob- 
served. After 300 days, however, mitotic figures 
are more frequent, an average of 2 being found to 
each microscopic field under high-dry magnifica- 
tion. 

Evidence of pressure within the thyroid may be 
adduced from several facts. First, it may be seen 
especially around the cysts that follicles have been 
squeezed to such an extent that their lumina are 
greatly restricted and become slit-like. This results 
in a striking aligning of most cellular elements 
about the cyst into rows which parallel the circum- 
ference of the cyst. Another evidence of mechani- 
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cal tension is the stretching of the gland capsule, 
and its rupture at several points (Fig. 9). The 
penetration of thyroidal tissue through and beyond 
the fibrous capsule is interpreted as a pressure- 
induced phenomenon since cells here have as low a 
mitotic index as elsewhere in the gland. 

The most remarkable changes at this stage are 
in the vascular channels. Especially at the median 
edge, fusion of veins produces very large continuous 
blood spaces which may be called sinuses. Because 
of vascular fusions around them, thyroid follicular 
masses of all sizes project into these blood sinuses 
and are separated from them only by the endo- 
thelium (Figs. 13 to 16). The thyroid follicles 
projecting into blood spaces may have a narrow or 
broad stalk connecting them to the remainder of 
the thyroid tissue. In a number of instances, veri- 
fied by careful study of serial sections, wholly free 
intravascular thyroid follicles were found with no 
observable parenchymal stalk or connection. In 
two instances small clusters of cells were found in 
small extra-thyroidal veins, and in all observable 
cytological features they were similar to the epi- 
thelial cells of the thyroid. 

The finding of intravascular thyroid tissue led to 
a search for possible thyroid tissue in lungs of 
long-treated animals. Since the advisability of this 
search became apparent at a time when only a few 
animals remained in the experiment, lungs of only 
22 goitrogen- and goitrogen plus carcinogen- 
treated animals were studied for this purpose. 
Eleven controls of comparable age were examined 
also for any kind of pulmonary growth. In one 
control nodules of bronchogenic carcinoma were 
found. In 7 treated animals, all of the A strain, 
small pulmonary growths were found which were 
not bronchogenic carcinoma. These growths were 
cytologically very similar to the hyperplastic thy- 
roid tissue (Fig. 18). They contained small fol- 
licular groups of cells which enclosed small amounts 
of pale colloid-like material. There is much in- 
ferential evidence that these are thyroid tissue car- 
ried to the lung via the thyroid veins, but this point 
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DESCRIPTION OF FIGURES 7 TO 12 


Fic. 7—Thyroid of A strain mouse after 261 days feed- 
ing thiourea, and 230 days after injecting 1.0 milligram of 
benzpyrene subcutaneously. Approximately the same as Fig. 
6. Mag. X 95. 

Fic. 8—Same animal as in Fig. 7. Edge of thyroid show- 
ing large agranular cell region. Note irregularity of colloid 
distribution. Mag. « 190. 

Fic. 9.—Penetration of thyroid capsule by thyroid (up- 
per right) into striated muscle (lower left). Fibrous cap- 
sule runs diagonally through figure. Break in capsule is at 
lower right corner of figure. Mag. 190. 


Fic. 10—Thyroid of A strain mouse after 261 days feed- 
ing thiourea. Region of filled-in cystic follicles, showing 
cord-like arrangements of cells. Small amounts of colloid 
in larger follicular lumina only. Mag. x 95. 

Fic, 11.—Thyroid of C57 strain mouse after 466 days 
feeding thiourea. Cells arranged as small follicles or solid 
cord-like masses. Colloid is irregularly distributed and 
heterochromatic. Mag. x 190. 

Fic. 12.—Same animal as in Fig. 11. Note the intimate 
relation of groups of epithelial cells to enlarged vascular 
channels. Mag. 95. 
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awaits ‘urther study with better technics, such as 
the use ot radioactive iodine. 

Effecé of return to normal diet after 300 to 450 
davs o! treatment.—The most obvious overt effect 
of returning animals to the normal diet after a 
period 0! treatment sufficient to produce very ex- 
tensive effects is a rapid gain in body weight and 
improvement in general appearance. The average 
gain in weight in a period of 12 days of resumed 
normal diet is 7 gm. Some mice, especially the A 
strain. experienced relatively little weight gain. 
This appeared to be due to difficulty in feeding 
upon solid food pellets after a diet of powdered 
food for more than one and one-half years. Teeth 
in such animals are very thin and frail. 

Damage to the ovary is not repaired in this in- 
terval (only female animals were examined in this 
phase of the experiment) and the uterus, likewise, 
remains in a completely inactive condition macro- 
scopically and microscopically. 

There is a significant, but not great, reduction in 
size of the thvroid (average weight 34 mgm.) in 
12 davs and it is much paler in color. The most 
striking microscopic change in the thyroid is a de- 
crease in size of the cells and shrinkage of their 
nuclei. Epithelial cells are all small, cuboidal in 
shape and contain a much reduced amount of 
darkly staining cytoplasm. Colloid is present in 
every follicular lumen. It is solid, unvacuolated, 
even at the edge, and densely eosinophilic in stain- 
ing reaction. 

The highly developed vascular structure charac- 
teristic of long goitrogen treatment undergoes rapid 
involution. Very few of the capillary and sinusoi- 
dal-sized vessels persist between follicles. The 
larger vessels remain, but leukocytic infiltration of 
walls of some arteries is evident. A loose type of 
fibrous tissue occupies interfollicular spaces created 
by shrinkage of other structures. 


Occurrence of tumors in carcinogen-treated mice. 

It seems remarkable that no tumors of any 
kind were found in mice receiving carcinogen 
(benzyprene or aceto-aminofluorene) as well as the 
goitrogenic diet after 200 days of age. Eighteen 
locally induced tumors were found in A and €57 
strain mice (12 in A and 6 in C57) between 90 and 
130 days after subcutaneous injection of 1 mgm. of 
benzpyrene. This represents 30 per cent of the A 
strain mice and 30 per cent of C57 mice so treated. 
None of the mice given aceto-aminofluorene devel- 
oped tumors of any kind. The benzpyrene-induced 
tumors were mostly localized sarcomas, and a few 
were squamous carcinomas. It is significant that 
in other work (unpublished) the author has _ in- 
duced almost 100 per cent incidence of tumors in 
A strain mice with benzpyrene. In this strain spon- 
taneous tumors, especially mammary and pulmo- 
nary carcinomas, are very frequent. It would 
appear justifiable to conclude that the goitrogenic 
treatment suppressed the carcinogenic properties 
of concomitantly administered benzpyrene and 
aceto-aminofluorene. 


RESUME AND CONCLUSIONS 


Both Bielschowsky (3) and Purves and Gries- 
bach (28, 29), who fed rats thiourea for as long as 
2 years consider the thyroidal growths obtained to 
be carcinomatous. In the present experiments with 
mice, in which treatment was extended for as long 
as 566 days this conclusion does not seem to be 
justified. The opinions of the previous authors 
were based upon morphological grounds and prin- 
cipally upon the appearance of “invasiveness to- 
ward the capsule,” “invasion of veins,” and appear- 
ance of thyroid nodules in the lung. Although 
these same morphologic arguments could be drawn 
from the present work, the involution following 
cessation of treatment would seem to invalidate 
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DESCRIPTION OF FIGURES 13 TO 18 


Fic. 13.—Thvroid of A strain mouse after 261 days feed- 
ing thiourea. Fusion of interfollicular vascular channels 
tends to isolate individual follicles. Mag. * 95. 

Fic. 14—Thyroid of A strain mouse after 261 days 
feeding thiourea. Follicle covered by endothelium, pro- 
jects into enlarged venous sinus near right edge of figure. 
In upper left part of figure, a thrombus-like mass, possibly 
a degenerate follicle, projects into another blood vessel. 
Such thrombi are quite characteristic of later stages of 
treatment and some are quite large. Mag. X 190. 

Fic. 15——Thyroid of A strain mouse after 315 days 
feeding thiourea. A follicle covered by endothelium pro- 
jects into a vein. The cells in the middle of the vein are 
low and pycnotic. The cells in contact with the thyroid 
parenchyma are very active in appearance. Mag. x 190. 


Fic. 16.—Thyroid of C57 strain mouse after 320 days 
feeding thiourea. A follicle covered by endothelium, pro- 
jects into a blood vessel, and is attached to the blood vessel 
wall by a fibrous peduncle. Mag. X 190. 

Fic. 17—Thyroid of A strain mouse after 410 days ieed- 
ing thiourea, followed by twelve days on normal diet. There 
is in this time interval a prompt involution of the hyper- 
trophied cells and vascular development, reappearance of 
dense colloid, and filling of interfollicular spaces with loose 
fibrous tissue. This gives an appearance of senility similar 
to that illustrated in Fig. 2. Mag. * 190. 

Fic. 18—Lung of A strain mouse after 450 days feed- 
ing thiourea. The nodule contains cells cytologically simi- 
lar to hypertrophied thyroid. Cells are arranged as small 
follicles, a few of which (upper right portion of nodule) 
contain ‘“‘colloid.” Mag. * 190. 
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these signs of malignancy. Purves and Griesbach 
(29) have shown that the thyroid ‘“‘carcinoma”’ ob- 
served in their rats depends upon a continued sup- 
ply of thyrotropic hormone for maintenance. 

Penetration of the thyroidal capsule in mice fed 
goitrogens (Fig. 9) is a common occurrence, but 
has no appearance of malignant infiltration. Ample 
histological evidence is at hand from mice to indi- 
cate that such penetration is due to stretching, thin- 
ning and mechanical breaking of the glandular 
capsule. The finding of intravascular thyroidal 
follicles, and pulmonary nodules of thyroidal tissue 
would seem to provide more convincing evidence of 
malignancy. Study of the vascular changes in the 
thyroid during prolonged treatment shows that 
precipitation of thyroidal tissue into veins is a 
passive process and appears in no way due to “‘in- 
vasiveness” on the part of the glandular tissue. 
Successively more extensive fusion of the capillary 
and sinusoidal channels about a given follicle, es- 
pecially at the edge of a venous sinus, isolates it 
and finally causes it to project into the sinus. Such 
intravascular, mechanically isolated follicular struc- 
tures, even when freed of neighboring stromal and 
epithelial tissue remain completely invested by en- 
dothelium. This fact is considered as important 
in concluding that they have reached their intra- 
vascular position without active penetration of the 
blood vessel wall. 

The pulmonary growths found here cannot be 
classed as metastatic, since their attainment of the 
intravascular position is a result of activity of the 
vascular tissue and is not an expression of poten- 
tialities of the migrating tissue itself. It is inter- 
esting, however, that in these experiments a prop- 
erty of cancerous growths has been imitated and 
the mechanism by which this is accomplished is 
explicable. Thorek (37) speaks of clinical instances 
of extra-thyroidal establishment of thyroid tissue 
apparently of a benign nature. 

The morphological picture after prolonged treat- 
ment seems to differ between rats and mice. In 
rats Bielschowsky (3) first showed that chronic 
goitrogenic treatment produces a nodular hyper- 
plasia and this growth pattern has been confirmed 
by others (14, 28, 29). In mice the overgrowth 
is quite uniform throughout the gland. In early 
stages of treatment in mice (about 200 days) large 
cysts are produced, and the filling of lumina of 
individual cysts by papillary and follicular hyper- 
plasia produces a temporary nodular aspect, simi- 
lar to that reported in the rat’s thyroid. Further 
treatment in mice (400 to 500 days) produces thy- 
roids whose cells are arranged in fetal patterns, in 
tiny follicles with or without lumina, and in cords. 
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Observation of mitotic figures in hypertrophied 
thyroids was rare, indicating that cellular multipli- 
cation contributed very slowly to the growth of the 
enlarged glands. The largest gland _ recorded 
weighed 54 mgm., a ten-fold increase over the aver- 
age 3 month old control. It is difficult to compare 
this with very old untreated control mice whose 
thyroid weights are extremely variable. Thyroids 
weighing up to 15 to 18 mgm. are not uncommon, 
Such enlarged thyroids in old mice contain very 
large amounts of a mucoid connective tissue (Fig. 
2). It is of great interest that the thyroidal stimu- 
lation, presumably thyrotropic, experienced by goi- 
trogen-treated mice completely allayed these senile 
changes and preserved the morphological aspect of 
a youthful cellular vigor. Several authors (1, 2, 
36) have shown that connective tissue infiltration 
is a normal consequence of aging in the thvroids 
of mice. It seems significant that in 12 days after 
cessation of goitrogenic stimulation, the large inter- 
follicular spaces created by shrinkage of epithelial 
and vascular elements are quickly filled in by loose 
connective tissue. Such involuting glands weigh 
relatively little less than stimulated ones (average 
34 mgm. compared to an average of 48 mgm. in 
mice under treatment for 400 days). 

It has been demonstrated amply by a number of 
investigators that goitrogenic stimulation of the 
thyroid is mediated by the hypophyseal thyrotropic 
hormone. ‘That this mechanism can be maintained 
in continuous activity for almost 2 vears is a sig- 
nificant datum for several related fields. Patholo- 
gists have long believed that the thyroid is subject 
to exhaustion after prolonged stimulation (e.g., 
the ‘“‘Marine cycle’). The present evidence ap- 
pears to require a different explanation in cases of 
cyclic involution of the thyroid. The continuous 
effectiveness of thyrotropic hormone for so long a 
period also would seem to have significance in con- 
sidering the problem of thyrotropic antihormones. 

No evidence could be found to indicate that car- 
cinogens in any way augmented the effect of goi- 
trogens upon the thyroid. On the contrary, it was 
quite clear that the goitrogens had an anti-carcino- 
genic effect. Despite the high spontaneous tumor 
incidence in A strain mice, during goitrogenic treat- 
ment such mice had no spontaneous tumors, even 
in old age. Very few local tumors could be induced 
in them by benzpyrene, none by aceto-aminofluo- 
rene. It is interesting that the same changes in 
rats’ thyroids produced by thiourea and _ aceto- 
aminofluorene in Bielschowsky’s work (3, 4), were 
produced by rape seed alone by Griesbach, Ken- 
nedy, and Purves (14). Together with the present 
data such results suggest that the carcinogen has 
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little or no part in the genesis of the observed thy- 
roidal growths. 

Engle and Aronow (9) have drawn attention to 
the colloid-containing secondary follicles which ap- 
pear within larger cystic follicles in thyroids of 
monkeys chronically fed thiouracil. Although these 
have been found as herein described, in the mouse, 
similar structures have not been described in goi- 
trogen fed rats. Secondary follicles in mice arise 
by accumulation of colloid at a point beneath the 
primary follicular epithelium. This accumulation 
of colloid takes place actively at a time when col- 
loid resorption is apparent in all other parts of the 
gland. Such isolated colloidal accumulation in 
secondary follicles and larger follicular cysts im- 
plies a physiological difference in the secretory epi- 
thelium involved, if not in the colloid itself. This 
interesting possibility deserves further study, espe- 
cially in the light of recent emphasis upon the rela- 
tion of ultimobranchial tissue to nodular hyperplas- 
tic tissue in the rat (40). 

It seems quite clear that within the limits of ob- 
served variation, the thyroid responses to goitrogen 
and carcinogen administration are quite uniform in 
the different pure strains and hybrid strains stud- 
ied. This is all the more remarkable when it is 
realized that strain differences in normal thyroidal 
structure (unpublished data) exist before begin- 
ning of treatment. 


SUMMARY 


Thyroidal changes were studied in mice of the 
A, C57, and I strains, and in several strain hybrids, 
during thiourea or thiouracil feeding for as long as 
566 days. The carcinogens 3,4-benzpyrene or 
acetoaminofluorene were given some groups, in ad- 
dition to the goitrogens, with no alteration in the 
succession of observed changes. 

The most rapid change observed during the first 
40 to 60 days is an initial epithelial hypertrophy 
and exhaustion of colloid. This is followed by a 
prolonged period of interstitial cellular, follicular, 
and papillary hyperplasia, which because of the in- 
frequency of mitotic figures, is assumed to be slow. 
After 150 days localized subepithelial accumula- 
tions of colloid in certain thyroid follicles, produce 
secondary follicles which project into the larger 
lumen. After 180 days some very large cystic fol- 
licles are found. These are gradually filled by 
papillary ingrowths. After 300 to 400 days the 
thyroidal epithelial cells assume cytological char- 
acteristics and spatial arrangements similar to those 
of fetal glands. Cells are arranged as tiny follicles 
with or without small lumina, and as cords. 

After 200 days of treatment extensive vascular 


fusions produce sinus-like spaces of venous blood. 
Fusion of capillaries around follicles isolates them 
until they project into vascular channels covered 
only by endothelium. In several instances entirely 
free intravascular masses of thyroidal cells were 
found. Of a group of 22 mice whose lungs were 
serially sectioned after more than 300 days’ treat- 
ment, seven had pulmonary nodules of thyroid-like 
tissue. 

Return to the normal diet after 300 to 450 days 
goitrogenic treatment produced prompt involution 
of the anaplastic-appearing epithelium, and a re- 
turn of dense colloid. 

The problems of (a) the role of embryonic ulti- 
mobranchial tissue in the observed growths, (b) 
holding in abeyance of senile involutional changes, 
(c) localized recurrence of colloid after long treat- 
ment and (d) the benign properties of the observed 
growths are considered in the discussion of results. 
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In recent years, the spontaneous appearance of 
denomas in the anterior hypophyses of rats has 
een described by Wolfe, Bryan, and Wright (39), 
by Oberling and his associates (24), by Saxton 
(28) and by Saxton and Graham (29). These 
idenomatous growths have been found almost en- 
tirely in the anterior lobes of old rats and their 
presence is seemingly a manifestation of advancing 
age. 

The size, appearance and cellular constituents of 
these adenomatous lesions is variable, Wolfe, 
Brvan and Wright (39) having described three 
types. The first type was characterized by vary- 
ing amounts of hemorrhage and was classified as a 
hemorrhagic adenoma. These growths ranged in 
size from small lesions of 0.4 « 0.5 mm., which 
could not be recognized grossly, to large swollen 
tumors involving practically the entire anterior 
lobe. Histologically they were composed of chro- 
mophobes although small numbers of acidophiles 
were present in some instances. The chromophobe 
cells in these lesions generally, but not invariably, 
showed various degrees of hypertrophy, some being 
of enormous size. The adenomatous acidophiles 
were invariably enlarged. Capsules were not pres- 
ent about these lesions although the neighboring 
anterior lobe tissue was often compressed. 

The second type of lesion was designated as an 
adenomatous nodule. They were made up of small 
diffuse masses of enlarged chromophobes or acido- 
philes and sometimes both. The smallest of these 
nodules contained only a few cells while the largest 
measured only 0.4 « 0.6 mm. Hemorrhages were 
not present and there was no compression of the 
surrounding tissue. 

The third type of adenoma described by these 
authors was large, occupying practically the entire 
anterior lobe, and was made up entirely of chromo- 
phobic cells of varying size. There was no evidence 
of hemorrhage. 

In all three types of lesions, there was a marked 
tendency for the nuclei and nucleoli of the adeno- 
matous cells to be enlarged and often there was 
hypertrophy of the negative image of the Golgi 








* The studies were aided by a grant from The Donner 
Foundation. Cancer Research Division, and by the Win- 
throp Research Fund. 
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apparatus. Many of the adenomas contained mi- 
toses; in contrast, mitotic figures were rare or ab- 
sent in the non-adenomatous tissue. 

The lesions described by Saxton (28) and later 
by Saxton and Graham (29) appear to be quite 
similar to those described above except that adeno- 
matous acidophiles were not described. In many 
of their animals the lesions were multiple. In 
preparations stained with Sudan III many adeno- 
matous cells were found to contain fat which was 
not present in the normal anterior lobe cells. These 
authors also made intraocular transplants of adeno- 
matous and non-adenomatous anterior lobe tissue. 
On the basis of the behavior of the transplants of 
the adenomatous tissue, it was concluded that 
these growths represented true neoplasms. 

Anterior lobe adenomas have now been described 
in old rats, both male and female, of several strains. 
and although the data are still rather scanty, it 
seems clear, as Saxton and Graham (29) have al- 
ready pointed out, that there are both strain and 
sex differences in the incidence of these tumors. 

The studies mentioned above have furnished con- 
siderable information concerning the general his- 
tologic structure of these tumors. The purpose of 
the present communication is to supplement our 
previous description of these lesions, placing special 
emphasis on certain cytological aspects not consid- 
ered previously. In addition, two spontaneously 
occurring adenomas of the intermediate lobe of the 
pituitary gland of the rat are described. 


MATERIAL AND METHODS 


These observations are based on the study of 44 
anterior lobe and 2 intermediate lobe adenomas 
found in the pituitary glands of 24 rats of the Van- 
derbilt strain and 7 from the Albany strain. The 
incidence of anterior lobe lesions in old female rats 
of these strains is 29 per cent in Vanderbilt breed- 
ing females (39), 27 per cent in Vanderbilt non- 
breeding females (36) and 11 per cent in Albany 
non-breeding females (41). No data are vet avail- 
able on the incidence of these lesions in the breed- 
ing females of the Albany strain. 

At autopsy the hypophyses were usually divided 
into two sagittal halves, fixed in Regaud’s fluid, cut 
serially at 3 microns and stained by the basic fuch- 
sin mitochondrial technic of Fain and Wolfe (13). 
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Fairly otten, however, the glands were preserved 
in 2 fixatives, one half being tixed in’ Regaud’s 
fluid and the second half in Champvy's tluid, The 
Champy-tfixed tissue was postchromated according 
to the modifed Champy-Kull method of Severing- 
haus (31) and stained by the mitochondrial meth- 
od mentioned above. With both Regaud- and 
Champy-tixed tissue this technic stains mitochon- 
dria a brilliant fuchsin, acidophilic granules pink- 
ish. orange or orange-red and the basophilic gran- 
ules or secretion deep blue. Connective tissue tibers 
stain blue and red blood cells red or orange red. 


OBSERVATIONS 
CYTOLOGICAL STUDIES OF SPONTANEOUSLY OcCcUR- 
RING ANTERIOR LOBE ADENOMAS 


During the course of this study. we have ob- 
served the three tvpes of adenomatous lesions in 
the anterior lobe described by us previously: 7. ¢., 
hemorrhagic adenomas, adenomatous nodules, and 
chromophobic adenomas (39). Although the three 
separate tvpes of lesions were easily differentiated 
from each other, the cytologic appearance of the 
adenomatous cells constituting the various tumors 
was similar. 7. ¢., the characteristics of the cells 
present in adenomatous nodules, in hemorrhagic 
adenomas and in chromophobe adenomas were gen- 
erally the same. Therefore, the descriptions of 
certain adenomatous cells in one type of lesion are 
usually applicable to the cells of the other varieties. 





The drawings of cells shown in Figs. | to 27! will, 
therefore, be used to illustrate similar cells found 
in all tvpes of lesions, 
Hemorrhagic  adenomas.—Kleven 
adenomas were found, 


hemorrhagic 
These varied in size from a 
small lesion measuring 0.8 O.S mm. to a large 
adenoma involving practically all of the anterior 
lobe. In most instances the normal anterior lobe 
surrounding the 
Kight of the lesions were purely chromophobic, the 
remainder contained, in addition to chromophobes, 
a tew acidophiles. As we have pointed out  pre- 
viously (39) these adenomas were characterized by 
variable amounts of hemorrhage. Scattered through- 


tissue tumors was compressed, 


out the tumors were blood-filled spaces of variable 
size which apparently did not possess an endothe- 
lial lining, their contents appearing to be in direct 
contact with the adenomatous anterior lobe cells. 
These interstitial hemorrhages have 
fully described previously (39). 
Generally, the adenomatous chromophobes in 
these tumors were made up of cells showing vary- 
ing degrees of hypertrophy but it should be em- 
phasized that many adenomatous chromophobes 
were not increased in size. Numerous cells showed 
only slight hypertrophy whereas in others the hy- 
pertrophy was pronounced; cells measuring approx- 
imately 30 30 microns were regularly observed 


been more 


'These cells were drawn by Miss Alice Pauline Schafer. 


DESCRIPTION OF FIGURES 1 TO 15 


All cells are shown at a magnification of * 1440. The 
acidophilic granules are shown by small circles. Mitochon- 
dria are shown in various shades of black which in some 
cells shade into dark gray. The granular cytoplasm of the 
anterior lobe basophile and the intermediate lobe cell are 
gravish. All cells are from the anterior lobe except those 
specially designated. 

Fic. 1—A small acidophile from the normal portion of 
the anterior lobe. 

Fic. 2—-A moderately, enlarged adenomatous acidophile. 
Note the very large nucleolus and nucleolar vacuoles. The 
Golgi apparatus was quite hypertrophied. 

Fic. 3—A much enlarged adenomatous acidophile. There 
were abundant fine mitochondria and hypertrophy of the 
Golgi apparatus. The nucleus showed evidence of lobula- 
tion. 

Fic, 4.—An enlarged adenomatous chromophobe. The 
large nucleolus contained vacuoles. The mitochondria were 
quite variable in size and some were vesicular in nature. 

Fic. 3—A small chromophobe from the normal portion 
of the anterior lobe. 

Fic. 6—A small chromophobe from the normal portion 
of the anterior lobe. Note enlarged Golgi apparatus and 
abundant mitochondria. 

Fic. 7—A small adenomatous chromophobe. Note the 
large nucleolus, the nucleolar vacuoles and the nucleolar 
protrusion. The Golgi apparatus was much enlarged. 





Fic, 8—A chromophobe of moderate size from the nor- 
mal portion of the anterior lobe. The Golgi apparatus 
was enlarged and there were abundant mitochondria. 

Fic. 9—Granular basophile from the normal portion ot 
the anterior lobe. 

Fic. 10.—Nongranular basophile from the normal por- 
tion of the anterior lobe. 

Fic. 11—-Large adenomatous chromophobe with many 
mitochondria, a few of which were quite large. 

Fic, 12.—Large adenomatous chromophobe which meas- 
ured approximately 55 35 microns. The nucleus meas- 
ured 30 & 20 microns and the largest nucleolus 6 X 6 
microns. Note the nucleolar vacuoles and the invagina- 
tion of the cytoplasm into the nucleus. The mitochondria 
were variable in size and in the intensity of their staining 
reaction. 

Fic. 13.—A normal intermediate lobe cell. 

Fic. 14——A moderately enlarged adenomatous interme- 
diate lobe cell which had dense blue cytoplasm. It is 
thought that the scattered canals represented a_ diffuse 
Golgi apparatus. 

Fic. 15.—A very large adenomatous intermediate lobe 
cell. The mitochondria were large and vesicular, the center 
portions took a light fuchsin and the outer borders a 
darker fuchsin stain. The very large nucleolus contained 
many vacuoles. 
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and cells as large as 50 % 40 microns were seen 
fairly trequently (compare the normal and adeno- 
matous chromophobes in Figs. | to 27). The nu- 
clei and nucleoli were also often but not invariably 
enlarsed, nuclel measuring up to 20 28 microns 
and nucleoli as large as 5 5 microns being ob 
In fact, nucleolar hypertrophy and to a 
lesser degree nuclear enlargement were outstanding 


served, 


features of the adenomatous chromophobes and 
often occurred in cells in which there was no = in- 
crease in size of the cell itself, 

The nuclei of the adenomatous chromophobes 
were of unusual interest. They tended = to be 
markedly distorted in shape and often the nuclear 
membrane was wrinkled and indented (igs. 12. 
18, 22, 24 and 27); in many cells the nuclei were 
lobulated and in some there was evidence of nu- 
clear budding (Fig. 19). Frequently cells contain- 
ing 2 or more nuclei were seen (igs. 21 and 25), 
indicating the possibility of direct cell division. As 
a rule the nuclei were stained pale blue and = the 
nucleoplasm was homogenous in appearance. — In 
some instances, however, small irregular bodies, 
stained a dull blue, were scattered throughout the 
nucleus (Figs. 4, 19 and 22). The staining reac- 
tion of these small bodies was generally similar to 
that of the nucleoli (see below). 

In most of the nuclei, one or two large and 
prominent nucleoli were seen (Figs. 4, 17, 22 and 
23) and often they were more numerous. The 
nucleoli also showed varying degrees of hypertro- 
phy; in a few instances they reached a diameter of 
5 5 microns (Fig. 12). Usually, they were 


stained varying shades of blue but in some cells 
they were deep red and not infrequently pale red 
or gravish-orange in the center with a narrow band 
of blue on the periphery. 

As a rule, the nucleoli were more or less rounded 
in shape (Figs. 4 and 25) but reference to Figs. 7, 
16 and 20 will indicate that more irregular forms 
were offen encountered. Sometimes small protru- 
sions of various shapes extending from the main 
body of the nucleolus into the surrounding nucleo- 
plasm were observed (Mig. 7). Often on the sur 
face of the nucleolus small spherical bodies, appar- 
ently made up of material identical to that of the 
nucleolus, could be seen. Sometimes these bodies 
could be shown to be continuous with the nucleolus 
(lig. 20); sometimes they appeared separate. In 
addition to these small bodies, which appeared to 
be actually continuous with the nucleoli or at least 
very close to them, other small structures were 
sometimes found scattered throughout the nucleus 
(lig. 22). Their staining reaction was identical 
to that of the nucleoli. The relation of the nuclear 
structures mentioned above to each other and to 
the nucleoli is vague and should be the subject of 
further study.” 


The staining technic used in this study did not differen- 
tiate the nucleoli from the adjoining nucleolus-associated 
chromatin which has been described in many cells (Hyden. 
H. Protein metabolism in the nerve cell during growth and 
function. Acta. Physiol. Scandinav., @ (Suppl.): 1-136. 
1943; Caspersson, T. The relations between nucleic acid and 
protein synthesis. Symposium Soc. Exper. Biol., No. 1. 
1947, pp. 127-143). In recent studies (3%) made on non- 
adenomatous anterior lobe cells of the rat, one or more 


DESCRIPTION OF FIGURES 16 TO 27 


All cells showed at a magnification of * 1440. Mito- 
chondria are shown in various shades of black which in 
some cells shade into dark gray. 

Fig. 16~—A slightly enlarged adenomatous chromophobe. 
The nucleolar mass appeared to be made up of several 
nucleoli closely packed together. 

Fic. 17—A moderately enlarged adenomatous chromo- 
phobe containing 3 large droplets of lipoid (grayish masses 
surrounded by light areas). The generally large mitochon- 
dria in this cell took a pale fuchsin stain. Note the large 
nucleoli and nucleolar vacuoles. 

Fic. 18.—A large adenomatous chromophobe with scant 
numbers of mitochondria, some of which stained very lightly. 
The nucleus showed a wrinkled membrane and some evi- 
dence of budding. 

Fic. 19—A large adenomatous chromophobe with a 
large nucleus, a small nucleolus and many smaller bodies 
which stained identically to the nucleolus. Similar staining 
but smaller bodies were found in the cytoplasm. Only 
scant numbers of mitochondria were present. 

Fic. 20——A small adenomatous chromophobe. Note the 
relatively large nucleolus, the large nucleolar protrusion 
and the abundant mitochondria. 


Fic. 21—A moderately large binucleated adenomatous 
chromophobe. 

Fic. 22.—Adenomatous chromophobe with cytoplasmic 
filaments and two nebenkern. Note the practical absence 
of mitochondria in the region of the filaments. The nuclear 
membrane was considerably wrinkled, the nucleolus large 
and vacuolated. 

Fic. 23.—Adenomatous chromophebes which had deep 
blue cytoplasm and a large vacuolated nucleolus. 

Fic. 24.—Large binucleated adenomatous chromophobe 
that showed an evagination of cytoplasm containing mito- 
chondria into the nucleus. Note the cytoplasmic nlaments 
and the two possible nebenkern. 

Fic. 25.—Moderatelv large binucleated adenomatous 
chromophobe. Some of the mitochondria took a deep 
fuchsin stain. others were much lighter. Note the large 
Golgi apparatus. 

Fic. 26—Moderately large adenomatous chromophobe 
with an enlarged Golgi apparatus and a vacuolated nucleo- 
lus. 

Fic. 27—A small adenomatous chromophobe. Note the 
wrinkled nuclear membrane, the vacuolated nucleolus and 
the variations in the size of the mitochondria. 
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We have reported previously (39) that the nu- 
cleoli of the adenomatous anterior lobe cells some- 
times contained one or more small lightly staining 
areas or vacuoles. In this study we have encoun- 
tered such nucleolar vacuoles frequently in adeno- 
matous anterior lobe cells (Figs. 4, 17, 22, 23, 26 
and 27). In most of these cells, only 1 or 2 were 
present but sometimes there were several (Fig. 17). 
Most often the vacuoles were found well in the in- 
terior of the nucleolus (Figs. 12 and 23) but fairly 
frequently they were on the periphery (Figs. 26 
and 27) and sometimes even seemed to lie on its 
surface. 

In those nucleoli which were stained deep blue, 
the material in the vacuoles was usually pale 
orange-red in color but sometimes it was merely 
lighter blue, grayish or colorless. In the nucleoli 
that stained red, the vacuolar substance assumed 
a lighter red. In those nucleoli that were stained 
pale orange-red or grayish-orange in the center and 
had a deep blue periphery, vacuoles were not ob- 
served. 

In the normal anterior lobe cells (Figs. 1, 5, 6, 8, 
9 and 10), the nucleoli were much smaller than 
in the adenomatous cells. While they also con- 
tained nucleolar vacuoles these were smaller and 
far less abundant. 

The cytoplasm of the enlarged adenomatous 
chromophobes generally stained a light to moder- 
ately deep blue but in many cells it was stained 
intensely by aniline blue (Figs. 23 and 27). Fairly 
often, the amount of cytoplasm was small and it 
appeared fragmented, being pulled away from the 
nuclear membrane or the cell membrane or both. 
In most of the hemorrhagic adenomas varying num- 
bers of cells contained rounded cytoplasmic vacu- 
oles of variable size. These are believed to be due 
to the dissolving out of lipoid droplets which, as 
will be shown later, can be demonstrated in Cham- 
py-fixed tissue. 

In most cells mitochondria were moderately nu- 
merous (Figs. 7, 16, 21 and 26) but sometimes 
they were either extremely abundant (Fig. 11) or 
relatively few in number (Figs. 18, 19, 22 and 24). 
In shape they were usually spheroidal but some- 





small nodular masses of chromatin were found to be in con- 
tact with or close to the nucleolus and in some instances the 
nucleolus was completely surrounded by a narrow band of 
chromatin. Both the nodular masses and the perinucleolar 
chromatin gave a positive test for desoxyribose nucleic acid 
when stained by the Feulgen technic. We think it quite 
likely that the small protrusions which extended from the 
nucleolus and the small bodies lying close to the nucleolus, 
which we have described in this paper, were actually nucle- 
olus-associated chromatin. 


—, 


times they occurred as short rods, filaments or 
ovals. In a few cells they were considerably en- 
larged (Figs. 4 and 27), sometimes measuring up 
to approximately 2 X 2 microns. Generally the 
mitochondria stained a deep red with the basic 
fuchsin but often they were less fuchsinophilic 
(Figs. 17, 18, 25 and 27). Very large mitochon- 
dria showed a particular tendency to stain less 
intensely (Figs. 12 and 25). Sometimes the large 
mitochondria were stained lightly in the center and 
more densely on the periphery (Fig. 4). Fairly 
often in this study it has been observed that the 
cytoplasm in a small circular area immediately 
around the mitochondria in the adenomatous chro- 
mophobes took a lighter blue stain than did the 
rest of the cytoplasm; this condition is shown in 
Figs. 16 and 27. This finding suggests that some 
tvpe of chemical reaction was occurring in the im- 
mediate vicinity of such mitochondria which re- 
sulted in the altered staining reaction. 

In the present report the observations on the 
Golgi apparatus are limited to a study of its nega- 
tive image. While we fully realize that such a 
study cannot furnish precise information concern- 
ing its structure, it does give some idea of its size 
and general shape in the adenomatous cells. In 
many of the enlarged adenomatous chromophobes 
the negative image of the Golgi body was markedly 
hypertrophied, being made up of a system of irregu- 
larly anastomosing colorless canals (Figs. 21, 23, 
25 and 26). However, in others, the negative 
image could not be detected, even though serial 
sections of the cells were studied. Generally speak- 
ing, the negative image of the Golgi body was seen 
more frequently in the slightly or moderately en- 
larged adenomatous chromophobes, in which it was 
generally hypertrophied than in the largest cells 
(compare Figs. 12 and 25). 

Since the changes in the Golgi apparatus have 
generally been correlated with the functional activ- 
ity of cells, a consideration of this structure in the 
adenomatous anterior lobe cells is of considerable 
interest. In several papers (32, 33 and 34) deal- 
ing with the cytology of anterior lobe cells, Sever- 
inghaus has associated hypertrophy of the Golgi 
apparatus with elaboration of secretion by the cell 
and an increase in the number of mitochondria with 
the release of the secretion. Wolfe and Brown 
(40) have confirmed the findings of Severinghaus 
which associated hypertrophy of the Golgi appa- 
ratus in the anterior lobe cells with elaboration of 
secretion and have found a certain amount of evi- 
dence which associated an increase in the number 
of mitochondria with release of secretion from the 
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cell. [1 a later paper Wolfe (37) was unable to 
associzie conclusively an increase of mitochondria 
with the release of secretion although it was not 


doubted! that an increase of mitochondria indicated 
increased’ functional activity of the cell. 

Using these cytologic criteria as a basis, our ob- 
servations indicate that many of the adenomatous 
chromophobes were in an active secretory state 
since they showed pronounced enlargement of the 
Golgi apparatus and contained numerous mitochon- 
dria. Since they showed cytologic evidence of the 
elaboration of secretion and yet no storage of it 
in the form of resolvable granules, it is considered 
likely that the secretion was being released into the 
blood stream as rapidly as it was formed. Although 
many adenomatous chromophobes did show un- 
doubted cytologic evidence of the formation and 
release of secretion, our observations do not neces- 
sarily indicate that excessive amounts of secretion 
were being formed and it should be stated that any 
evidence other than the cytological findings just 
referred tu, that these adenomas were producing 
and releasing hormones, was not found. 

Not infrequently, in some of the most noticeably 
hypertrophied chromophobes a negative image of 
the Golgi apparatus was not observed. However, 
examination of cells such as that shown in figures 
4 and 18 suggests that the Golgi material occurred 
in the form of fragments scattered throughout the 
cytoplasm. These cells contained many small clear 
vacuoles and careful microscopic examination re- 
vealed that the vacuoles were arranged in a pattern 
suggestive of a markedly hypertrophied Golgi body 
in which the material composing it had become 
quite diffuse. If in some cells the Golgi material 
became even more diffuse, perhaps being scattered 
through the cytoplasm in the form of isolated frag- 
ments, it seems possible that the negative image of 
such bodies, which would appear as small vacuoles 
or clear spaces in the cytoplasm, would be difficult 
and perhaps impossible to recognize with any de- 
gree of certainty. Although we know of no definite 
instance where the Golgi body of anterior lobe cells 
has been found in such a diffuse and fragmented 
state, it does not seem inconceivable that this actu- 
ally was the case in the adenomatous cells consid- 
ered here. On the other hand, it might also be 
possible that in many of these enlarged adenoma- 
tous cells, for reasons as yet unknown, the Golgi 
material was contracted or compressed into such 
small structures that the negative image was over- 
looked. It is thus quite clear that a study of the 
Golgi apparatus by these methods is less satisfac- 
tory than by methods that color this body (osmic 


or silver impregnation). Only by such a positive 
method will be obtained a satisfactory knowledge of 
the structure and behavior of this body in adeno- 
matous cells of the anterior hypophysis. 

In many of the hemorrhagic adenomas, the en- 
larged adenomatous cells were often irregular or 
unusual in shape (Figs. 17, 23 and 24). The rea- 
son for this irregularity is believed to be due to 
the fact that the adenomatous cells were tightly 
packed together and were presumably exerting 
pressure on each other. Certainly, they compressed 
the normal anterior lobe tissue surrounding them. 

As previously noted, 3 of the hemorrhagic ade- 
nomas also contained adenomatous acidophiles. 
These cells showed varying degrees of hypertrophy 
(Figs. 1-3), the largest found measuring 25 « 25 
microns. The hypertrophied acidophiles exhibited 
the same nuclear hypertrophy and the same en- 
largement in size of the nucleoli as were noted in 
the chromophobes, although the degree of hyper- 
trophy, lobulation, wrinkling of the nuclear mem- 
branes and enlargement of the nucleoli were not as 
prominent. The acidophiles were almost always 
well filled with granules, the negative image of the 
Golgi body usually was markedly hypertrophied 
(Figs. 2 and 3) and mitochondria, while moder- 
ately abundant (Figs. 2 and 3), were never pro- 
nouncedly so. Since hypertrophy of the Golgi ap- 
paratus is usually associated with elaboration of 
secretion, it would seem that these adenomatous 
acidophiles had produced large amounts of secre- 
tion which was stored in the cells as granules. On 
the other hand, the stimulus which ordinarily in- 
duces the acidophiles to release their secretion into 
the blood stream was apparently nonoperative; at 
least there was no cytologic evidence that the ade- 
nomatous acidophiles were releasing secretion. In 
these adenomatous acidophiles, therefore, we en- 
counter a cytologic condition which suggests a im- 
balance between the processes of the elaboration 
and the release of secretion; these cells had the 
capacity to elaborate secretion but not to release it 
in detectable degree. 

In one of the hemorrhagic adenomas, a cytologi- 
cal condition which we have never noted before in 
anterior lobe cells of any type, was observed. In 
the enlarged nuclei of a considerable number of 
hypertrophied chromophobes, round bodies sur- 
rounded by a deep blue staining membrane were 
found. ‘These bodies were made up of a substance 
that resembled the cytoplasm of the cell and even 
contained red spherical bodies identical in appear- 
ance to mitochondria; in other words, it was as if 
masses of cytoplasm were being encountered within 
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the nuclei. A study of serial sections of individual 
cells showing this phenomenon has led us to con- 
clude that these curious bodies were formed as a 
result of the inclusion within the nucleus of small 
polypoid masses of cytoplasm which had formed 
nuclear invaginations (Figs. 12 and 14). These 
invaginations were usually enlarged at their ter- 
minal end but were reduced in diameter as they 
approached the nuclear membrane (Figs. 12 and 
24). The cause of such cytoplasmic invaginations 
is, of course, unknown, but it seems possible that 
the pressure of the anterior lobe cells on each other 
—and in this adenoma there was definite evidence 
of such pressure—may have played a role. As 
stated previously, the nuclei of these adenomatous 
cells were often wrinkled, indented and lobulated. 
It seems reasonable to conclude that the same ab- 
normality in the structure of the nuclear membrane 
which made these conditions possible might also 
have been responsible in whole or in part, for the 
cytoplasmic invaginations into the nucleus. 

Two hemorrhagic adenomas were of particular 
interest. Both were fairly large (one measured 
1.2 < 1.9 mm. and the other 1.5 * 1.6 mm.). 
They were made up almost entirely of small, 
closely packed chromophobes whose nuclei were 
only slightly enlarged and contained 1 or 2 moder- 
ately hypertrophied nucleoli (Fig. 27), which con- 
tained variable numbers of nucleolar vacuoles. 
These cells had scant amounts of rather dense blue 
cytoplasm and often the cell membranes were too 
indefinite to be seen so that the cells resembled a 
syncytial mass. As a result of the reduced amounts 
of cytoplasm present in these adenomatous cells, 
many more nuclei were seen in a single microscopic 
field than in a field of similar size in the normal 
portion of the gland. Although numerous and 
fairly large blood-filled spaces were scattered 
throughout the tumors, there were large foci of 
adenomatous tissue where capillaries were not visi- 
ble, so that many cells seemed far removed from a 
visible source of blood supply. Mitochondria were 
usually quite abundant in these small adenomatous 
cells, and in many the negative image of the Golgi 
apparatus was visible and often moderately en- 
larged. In one of these adenomas a few fairly 
large chromophobes, measuring up to 40 x 50 
microns with nuclei of 25 * 15 microns and nu- 
cleoli 4 * 4 microns, were found scattered among 
the smaller cells. The outstanding structural char- 
acteristics of these adenomas, however, were not 
cell hypertrophy but a slight and fairly constant 
nuclear enlargement and a more definite nucleolar 
hypertrophy. 


ot 


As mentioned previously, Saxton (28) has re. 
cently reported that cells in anterior adenomas jp 
rats contain fat while normal cells do not. Our 
findings confirm his observation. In this study 
anterior lobe tissue containing 6 of the hemorrhagic 
adenomas were fixed in Champy’s fluid for 24 
hours. In 4 of these lesions variable numbers of 
the adenomatous cells contained brownish-yellow 
droplets (Fig. 17), which varied in size from small 
structures not much larger than mitochondria to 
larger bodies measuring as much as 10 X 10 mi- 
crons. In some cells only 1 or 2 of these droplets 
were seen; in other cells they were much more 
numerous and often occupied the greater part of 
the cytoplasm. These inclusions we have presumed 
to be lipoid in nature. The fact that they were 
not stained black we think was due to the fact that 
they were subjected only to the relatively small 
amounts of osmic acid in the Champvy’s fluid for 
only 24 hours. That they were lipoid in nature 
seems to be evidenced also by the fact that they 
were identical in appearance to inclusions found in 
the pituicytes observed in the same sections in 
which there happened to be some posterior lobe 
present. Gersh (16) has demonstrated that the 
inclusions in such posterior lobe cells are lipoidal 
in nature. The lipoid droplets were found chiefly 
in the adenomatous chromophobes but sometimes 
they were also seen in the greatly hypertrophied 
acidophiles. In some instances small lipoid drop- 
lets have been observed in occasional cells of the 
normal portions of the gland, and in 1 or 2 cases 
they were quite numerous. The significance of the 
lipoid inclusions in either the adenomatous or nor- 
mal cells is unknown but it seems obvious that 
their abundance in many of the adenomatous cells 
must be considered indicative of an altered cellular 
metabolism. 

In 3 of the hemorrhagic adenomas cytoplasmic 
filaments were found in many of the chromophobes 
(Figs. 22 and 24). Sometimes only 1 or 2 were 
seen in a cell: other cells were nearly filled with 
them (Fig. 22). Often the filaments occurred 1x 
the form of rounded masses (Fig. 22), forming the 
structures known as “nebenkern.” Cytoplasmic 
filaments and nebenkern have been described in sev- 
eral varieties of cells previously (3) and in the 
anterior lobe they are in no sense restricted to ade- 
nomatous cells since they have been described by 
Kirkman (18) in the normal anterior hypophysis 
of the guinea pig, by Desclin (12), in the chromo- 
phobe cells of the rat hypophysis during pregnancy, 
lactation and after estrone administration and by 
Wolfe and Brown (40) in the anterior lobe of the 
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rat aiter injections of estrogen. The significance of 
these structures is not known. By many they have 
been regarded as fixation artefacts (3) and our 
experience would support this viewpoint, since in 
the present study they have been found much more 
frequently in Champy-fixed tissue than in that 
fixed in Regaud’s fluid. In the normal anterior 
lobe, they have been observed most often in chro- 
mophobes in glands in an active secretory state, 
i.e., during pregnancy, lactation and _ treatment 
with estrogen. Presumably under these conditions 
the cytoplasm of the chromophobes is in a physical 
or chemical state which makes the formation of the 
structures possible. The fact that we found simi- 
lar cytoplasmic filaments and nebenkern in adeno- 
matous cells would suggest that the cytoplasm of 
these cells was in a somewhat similar state. These 
structures were not found in the normal chromo- 
phobes of the glands used in this study. However, 
it should be pointed out that most of these cells 
were small and inactive. 

In 6 (approximately 55 per cent) of the hemorr- 
hagic adenomas numerous mitotic figures were 
found; in the normal tissue of only 1 gland a single 
mitosis was observed in a chromophobe. 

Adenomatous nodules —Twenty-seven adenoma- 
tous nodules were examined. These ranged in siz2 
from groups of only a few cells to masses measur- 
ing 0.9 & 0.9 mm. in diameter. Twenty nodules 
contained only chromophobes, 5 contained both 
chromophobes and acidophiles, while 2 were com- 
posed only of acidophiles. These nodules were gener- 
ally diffuse, the adenomatous cells and the normal 
cells of the surrounding tissue intermingling freely 
at the periphery of the lesion. There was no com- 
pression of the surrounding normal anterior lobe 
cells and no microscopic evidence of hemorrhage. 

Most of the nodules were made up of chromo- 
phobes showing varying degrees of hypertrophy al- 
though in a few instances the adenomatous cells 
were quite small (see various normal and adenoma- 
tous chromophobes already referred to in Figs. 1- 
27). In the lesions containing enlarged chromo- 
phobes, the largest cells measured up to 50 * 50 
microns in diameter while cells measuring 30 *« 30 
microns in diameter were common. Nuclei and 
nucleoli were also enlarged, the former measuring 
up to 10 & 15 microns and the latter to5 *« 5 
microns in diameter. The nucleoli often contained 
vacuoles. The nuclei in the enlarged chromophobes 
resembled those already described in the hemorr- 
hagic adenomas. 

The adenomatous acidophiles varied in size from 
cells slightly larger than normal to those measuring 


approximately 30 30 microns, with nuclei meas- 
uring up to 10 * 15 microns and nucleoli 3 * 3 
microns. Generally, the negative image of the 
Golgi apparatus was markedly enlarged and the 
cells were well filled with granules. Mitochondria 
were moderately abundant (see Figs. 1, 2 and 3). 

Four adenomatous nodules were of unusual in- 
terest. They were made up entirely of small chro- 
mophobes (Figs. 7 and 20), no larger in size than 
many of the chromophobes in the non-adenomatous 
regions of the gland. The cells had scanty light 
blue cytoplasm, were closely packed together, and 
often had undiscernible boundaries. In many cells, 
mitochondria were abundant; in others they were 
not. In the majority of the cells the negative image 
of the Golgi apparatus could not be seen but in 
some it was observed. The nuclei of the vast ma- 
jority of the cells were normal in size although in 
a few cells they were slightly enlarged. The nu- 
cleoli, however, were definitely enlarged and were 
more numerous than usual. They were stained 
deep blue and were usually more or less rounded 
but in some cells they were drawn out on one side 
and appeared club shaped. In many instances 
they contained vacuoles. The outstanding and 
only constant structural abnormalities found in 
these four lesions, therefore, were the changes in 
the nucleoli. Considering our material as a whole, 
we are inclined to the view that as anterior lobe 
cells undergo adenomatous changes, the alterations 
in the size and appearance of the nucleoli are 
among the first discernible changes. 

Mitoses were found in only 4, or approximately 
15 per cent, of the 27 adenomatous nodules ob- 
served, a much lower percentage than was found in 
the hemorrhagic lesions. Only 2 hypophyses con- 
taining adenomatous nodules had been fixed in 
Champy’s fluid and in each of these, adenomatous 
chromophobes_ containing lipoid droplets were 
found. 

Chromophobe adenomas.—Four of the adenoma- 
tous lesions were classified as chromophobe adeno- 
mas. The smallest of these measured 0.9 * 1 
mm. while the largest occupied practically the en- 
tire anterior lobe. These growths were usually well 
demarcated from the surrounding anterior lobe 
tissue and in most instances there was an actual 
compression of the bordering anterior lobe cells. 
With one exception they were made up of chromo- 
phobes which showed varying degrees of hyper- 
trophy and were in every way similar to those al- 
ready described in the hemorrhagic adenomas and 
the adenomatous nodules. No further description 
therefore seems necessary except to point out that 
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the 2 of these lesions which had been fixed in 
Champv's tluid were found to have lipoid droplets 
in the adenomatous cells. Mitotic figures were pres- 
ent in 3 (75 per cent) of the growths; none were 
present in the surrounding normal tissue. 


CYTOLOGIC STUDIES OF SPONTANEOUSLY OCCURRING 
INTERMEDIATE LOBE ADENOMAS 

In 2 glands adenomas of the intermediate lobe 
were found. One of these lesions measured 0.4 « 
0.6 mm. and was well demarcated from the adjoin- 
ing anterior and posterior lobes. The other was 
roughly conical in shape, its apex being in the dor- 
sal region of the intermediate lobe and its larger 
base in the ventral portion; its greatest diameter 
was 1 \ 1.3 mm. As the lesion extended ventrally 
it encroached on the anterior lobe. causing slight 
compression of these cells. 

Both these adenomas were made up of interme- 
diate lobe cells which, together with their nuclei 
and nucleoli, showed varying degrees of hyper- 
trophy (Figs. 13-15). In the smaller growth the 
largest cells measured 45 30 microns, the largest 
nuclei 1S * 14 microns and the largest nucleoli 
3.5 « 3.5 microns. Between these very large cells 
and the ordinary intermediate lobe cells, all gra- 
dations in size could be found. The smaller adeno- 
matous cells stained deep blue. approximately of 
the same intensity as the normal intermediate lobe 
cells. As their size increased, however, there was 
a noticeable tendency for the adenomatous cells to 
stain more lightly, although there was considerable 
variation. Many of them were stained light blue 
while others were almost colorless. In many of 
the cells the negative image of the Golgi apparatus 
was noticeably hypertrophied (Fig. 14) but it was 
also noticed that often. in the largest cells, the 
Golgi body could not be seen at all, a situation pre- 
viously encountered in the anterior lobe tumors. 
As a rule mitochondria were fairly abundant (Fig. 
14): were generally spheroidal in shape, and most 
often showed no tendency to be hypertrophied. The 
nuclei. like the cells. showed varying degrees of 
hypertrophy (Fig. 14). They exhibited, but to a 
lesser degree. the same type of structural abnor- 
malities found in the nuclei of anterior lobe adeno- 
matous cells. The nucleoli took a moderately in- 
tense red stain and in a few instances contained 
vacuoles. Mitotic figures were found occasionally 
while none were present in the normal intermediate 
lobe tissue. 

The larger growth differed in certain respects 
from the smaller one. Cell hypertrophy together 
with nuclear and nucleolar enlargement were more 
generalized although the limit of cell size was no 





greater than in the smaller adenomas. As a whole. 
the cells took a lighter blue stain, the negative 
image of the Golgi apparatus was seen less often 
and the cells contained fewer mitochondria. al- 
though in a tew cells the mitochondria were hyper- 
trophied and occasionally were vesicular (Fig. 15). 
The nucleoli were generally stained red and nucleo- 
lar vacuoles were quite abundant (Fig. 15). The 
cells in this larger intermediate lobe adenoma often 
contained cytoplasmic filaments or fibrillae, al- 
though nebenkern were not observed. Mitotic fig- 
ures were present but were not found in the adjoin- 
ing normal intermediate lobe tissue. 


DISCUSSION 

This study raises several questions that seem 
worthy of discussion. First, what is the relation of 
the various types of lesions in the anterior lobe to 
each other? Do the hemorrhagic and the chromo- 
phobe adenomas arise as such or do they result 
from structural modifications in an earlier lesion, 
such as the adenomatous nodule? The present 
findings seem to support the second possibility. 
Although there was some overlap in size between 
the largest adenomatous nodules and smaller lesions 
of the two other varieties, the former were gener- 
ally much more minute and involved a far smaller 
number of cells. No hemorrhagic or chromophobe 
adenomas as small as the smaller adenomatous nod- 
ules were found. 

Considering the structural characteristics of the 
lesions, it seems to us that the two larger types de- 
veloped as a result of progressive changes in the 
smaller adenomatous nodules. In the case of the 
hemorrhagic adenomas, it is likely that these 
changes included dilatation of the — sinusoids 
and associated hemorrhage, a more definite de- 
marcation from the surrounding normal anterior 
lobe cells, and often actual compression of these 
cells. These two latter changes could be expected 
to occur as a result of the growth of the adenoma- 
tous nodule. Presumably the chromophobe adeno- 
mas developed in the same fashion except that 
hemorrhage was absent. It appears equally clear 
that hemorrhagic adenomas could also be formed 
as the result of hemorrhage in pre-existent chromo- 
phobe adenomas. If we accept the assumption 
that the hemorrhagic and the chromophobe ade- 
nomas were formed as the result of structural 
changes in the adenomatous nodules, the question 
arises as to what percentage of the adenomatous 
nodules actually underwent such modification and 
what factors were involved. Unfortunately these 
are questions for which answers are not available. 

Second, is there a relationship between the struc- 
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ture of the various adenomatous lesions and that of 
the surrounding normal tissue? It has already been 
mentioned, for example, that many of the adeno- 
matous cells presented cytological evidence of func- 
tional! activitv. Were such adenomatous cells most 
likely to occur in anterior lobes in which the nor- 
mal cells also show evidence of secretory activity? 
Our findings indicate that they were not. Adeno- 
mas containing functionally active cells were found 
in anterior lobes in which the normal cells showed 
cytologic evidence either of little or no secretory 
activitv, of mild secretory activity, and in only 1 
case of pronounced secretory activity. We have re- 
ported previously (36) that the anterior lobes of 
old female rats generally present cytological evi- 
dence of decreased secretory activity. Since this 
is the phase of life in which spontaneous anterior 
lobe adenomas usually appear there would seem to 
be some sort of relationship between decreased se- 
cretory activity of the anterior lobe cells and the 
occurrence of adenomatous lesions. The adenoma- 
tous cells, therefore, appear to be at least partially 
independent of the factors that regulate the activi- 
ties of normal anterior lobe cells. The relative 
abundance of mitosis in the adenomatous cells and 
their almost complete absence in the normal cells 
would point to the same conclusion. Our findings, 
therefore, support the views of Saxton and Graham 
(29) who concluded that anterior lobe adenomas 
were true neoplasms. 

During the course of the present study an ob- 
servation which may be of some significance in 
relation to the origin of the spontaneously occurring 
adenomatous lesions was made. In the anterior 
lobes of old female rats, whether or not tumors 
were present, we have occasionally observed widely 
scattered single cells, usually chromophobes, which, 
when compared with the surrounding cells, con- 
tained slightly but definitely hypertrophied nuclei 
and nucleoli. If such cells had been multiple, 
forming small clusters or clumps, the clusters thus 
formed certainly would have been classified as ade- 
nomatous nodules. Whether these scattered indi- 
vidual cells actually were of the same nature as 
true adenomatous cells, and really played a role in 
the genesis of the adenomatous lesions, are matters 
of both conjecture and interest. 

It is informative to compare the cytological char- 
acteristics of adenomatous and normal anterior lobe 
cells. A prominent feature of the former was their 
frequent enlargement. However, the degree of 
hypertrophy was extremely variable and many ade- 
nomatous cells were not enlarged at all. Indeed, 
sometimes adenomatous chromophobes were actu- 
ally smaller than the surrounding normal chromo- 


phobes. Thus, although adenomatous cells tended 
to be larger than normal cells, enlargement was not 
constant. 

The nuclei of the adenomatous cells were also 
generally enlarged but the degree varied greatly. 
In some lesions the enlargement was slight or ab- 
sent and in practically every adenoma, cells in 
which the nuclei were not enlarged at all could be 
found. Other changes noted fairly frequently in 
the adenomatous cells were nuclear lobulation, nu- 
clear budding, wrinkling of the nuclear membrane, 
and the presence of multiple nuclei. With the ex- 
ception of occasional wrinkling of the nuclear mem- 
brane such changes were not found in the non- 
adenomatous cells. A few adenomatous cells also 
showed cytoplasmic invagination into the nucleus, 
a phenomenon not observed in normal cells. 

Hypertrophy of the nucleoli was probably the 
outstanding single cytological characteristic of the 
adenomatous cells although the degree of enlarge- 
ment was extremely variable. Hypertrophied nu- 
cleoli were not present in all cells classified as 
adenomatous but it is possible that many such cells 
contained enlarged nucleoli which were not actually 
detected. In many instances successive serial sec- 
tions through the enlarged nuclei of adenomatous 
cells were studied. When this was done there was 
not much possibility that any nucleoli were over- 
looked. However, the study of serial sections of 
single adenomatous cells was not a routine proce- 
dure. It is, therefore, possible that many nuclei 
contained enlarged nucleoli which went unnoticed. 
Although we feel that increase in size of the nu- 
cleoli was perhaps the most constant change noted 
in the adenomatous cells such enlargement was not 
invariably found. It should be noted, moreover, 
that very considerable enlargement of the nucleolus 
in non-adenomatous anterior lobe cells may be in- 
duced by experimental means. It is well estab- 
lished that the anterior lobes of rats which have 
received sufficient amounts of estrogen contain 
many chromophobes which show various degrees of 
enlargement. These cells contain enlarged Golgi 
bodies and abundant mitochondria (33, 34 and 40) 
and usually the cytoplasm stains deep blue with 
aniline blue (38). It has been suggested by Sever- 
inghaus (33) and by Wolfe and Brown (40) that 
these cells are in an active secretory state. Studies 
which are being carried out in this laboratory indi- 
cate that such cells contain nucleoli which are 
moderately but definitely enlarged when compared 
with those in smaller chromophobes which do not 
exhibit cytological evidence of functional activity. 

The presence of light staining areas, or nucleolar 
vacuoles as we have called them, in the nucleoli 
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of the adenomatous cells was another interesting 
cytologic feature. Although they were also found 
in the nucleoli of normal anterior lobe cells they 
were much larger and many times more numerous 
in the adenomatous cells. 

Changes in the cytoplasm of the adenomatous 
cells were less conspicuous than those in the nuclei. 
Lipoid droplets, often large and numerous, were 
found in variable numbers of the cells. Smaller 
droplets were found occasionally in normal cells. 
In many adenomatous cells mitochondria were ex- 
tremely numerous, much more so than in normal 
cells, yet such an increase was not constant and in 
a few of the adenomatous cells relatively few mito- 
chondria were found. Mitochondrial hypertrophy 
was pronounced in a few of the adenomatous cells 
but not present at all in normal cells of the glands 
examined. However, it should be pointed out that 
mitochondrial hypertrophy may occur in enlarged 
but non-adenomatous chromophobes of rats which 
have received estrogen. 

Our observations on the Golgi apparatus in this 
study are admittedly unsatisfactory since only the 
negative image of this body was observed. In 
many adenomatous cells, however, hypertrophy of 
the Golgi apparatus was extremely pronounced, al- 
though this finding was by no means constant. In 
contrast, the Golgi bodies in the cells of the normal 
portions of the glands were generally small or only 
slightly enlarged. In nonadenomatous anterior 
lobe cells of estrogen-injected rats, however, en- 
largement of the Golgi apparatus is also pronounced 
(33, 34 and 40). Therefore, hypertrophy of the 
Golgi apparatus in adenomatous cells of the an- 
terior lobe is not only not a constant, but also not 
an exclusive, cytological characteristic. 

Analysis of these findings indicates that within 
the limits to which the comparison was carried 
there was no constant or unique cytoplasmic or 
nuclear change which differentiated adenomatous 
from normal anterior lobe cells. The structural 
differences between the two types of cells generally 
seemed to be of degree rather than kind. It is 
interesting to point out that Cowdry in a recent 
review (8) has described the differences between 
cancer and normal cells as quantitative rather than 
qualitative. The same is true when normal and 
adenomatous anterior lobe cells are compared. 

Although we are not dealing with cancerous cells 
in this consideration of anterior lobe adenomas, it 
is found that when adenomatous and normal an- 
terior lobe cells are compared, many of the differ- 
ences between the 2 types are the same as those 
which have been described as occurring between 
malignant and normal cells. For instance Ludford 
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(20) has reported that cancer cells tend to be en- 
larged, both the nuclei and the cytoplasm being 
involved. More recently Cowdry and Paletta (9) 
in an analysis of squamous cell carcinomas induced 
in mice by methylcholanthrene found that the ma- 
lignant cells in some growths were larger than the 
surrounding hyperplastic cells; in others they were 
smaller. The findings are similar to what we have 
observed in anterior lobe adenomas since cell hyper- 
trophy was often found but it was not a constant 
feature. 

Many investigators have reported that the nuclei 
and nucleoli of malignant cells are enlarged: for a 
review of the extensive literature, see Cowdry (8), 
von Hamm and Alexander (35), Cowdry and Pa- 
letta (9), Biesele and his associates (2) and Cas- 
persson and Santesson (7). MacCarty and _ his 
associates have been unusually active in this field. 
MacCarty, Haumeder and Berkson (23) have re- 
ported that both the nuclei and nucleoli of malig- 
nant celis are hypertrophied, the degree of increase 
being greater in the nucleoli. Later MacCarty (22) 
reported that the much larger size of the nucleolus 
in relation to the nucleus in malignant cells might 
be used as a basis for the diagnosis of malignancy. 
although this criterion has not been generally ac- 
cepted (7-9 and 35). Cowdry and Paletta (9) in 
a study of squamous cell carcinoma in mice found 
that in many instances both the nuclei and nucleoli 
of the malignant cells were larger than those of the 
surrounding cells, but in some of the growths they 
were either of the same size or actually smaller. 
Because of this inconstancy they concluded that 
the size of the nuclei, or indeed of the nucleoli or 
the cell itself, could not be used as a single diagnos- 
tic criterion of malignancy. 

Although Caspersson and Santesson (7) believe 
that nucleolar enlargement occurs in practically all 
tumor cells they do not regard it as indicative of 
malignancy. They point out that nucleolar hyper- 
trophy may be found in cells of irritated tissues al- 
though the degree of enlargement is not usually as 
great as that found in malignant cells, and that in 
certain normal cells the nucleolus might sometimes 
be quite large. Frugoni (14), in a study of pitul- 
tary adenomas in the human being, reported that 
the nuclei and nucleoli were slightly enlarged in 
adenomas classified as simple, and markedly en- 
larged in those considered to be active. He asso- 
ciated enlargement of both the nucleus and the 
nucleolus with cellular activity. In the pituitary 
adenomas studied by us hypertrophy of the nucleus 
and nucleolus was often, though not constantly. 
found but the degree of enlargement was extremely 
variable and was sometimes not present. 
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Regan, Page and MacCarty (27) have reported 
the presence of unstained nucleolar bodies in both 
malignant and normal cells and have pointed out 
that such structures are larger and more numerous 
in the former. In a later and a more detailed study 
Page, Regan and MacCarty (25) described two 
types of intranucleolar structures, refractive bodies 
which occurred as unstained areas or as vacuoles, 
and argentophil bodies which stained with silver 
technics. The refractive bodies were larger and 
more numerous in malignant and benign tumor 
cells than in normal cells; while the argentophile 
bodies were more numerous in the neoplastic cells 
than in the normal. In fact, they concluded that 
the more malignant the neoplasm the more numer- 
ous were the intranucleolar bodies. These authors 
pointed out that previous to their studies intra- 
nucleolar bodies had already been found in many 
varieties of normal cells by numerous. investigators: 
these studies they reviewed rather fully. It seems 
clear that the intranucleolar vacuoles observed by 
us in adenomatous and normal anterior lobe cells 
are similar to the refractive bodies of Page, Regan 
and MacCarty and our findings are similar to theirs 
in the sense that, in our studies, intranucleolar 
vacuoles are larger and occur more frequently in 
adenomatous than in normal cells. The signifi- 
cance of these intranucleolar bodies is unknown. 
Page and his associates (25) have suggested that 
they are concerned with the changed metabolism 
of fast growing cancer cells, a view that seems en- 
tirely logical. However, since they occur in non- 
malignant cells, although to a much lesser extent, 
it seems that they must represent the visible ex- 
pression of some phase of nucleolar function in 
normal as well as in adenomatous cells. 

The findings on the cytoplasmic structures of 
malignant cells have been inconstant. This ques- 
tion has been considered and reviewed by Ludford 
(20, 21) and Cowdry (8). Although variations 
from the normal have been described in both mito- 
chondria and Golgi bodies, no constant or charac- 
teristic modification of these cell structures have 
been found in malignant cells. In anterior lobe 
adenomas there was marked hypertrophy of the 
Golgi apparatus and in some cells an increase in 
the number and size of the mitochondria. These 
changes, however, were inconstant and were in no 
way characteristic of the adenomatous cells. 

Without further consideration of the literature, 
it seems legitimate to conclude that the adenoma- 
tous anterior lobe cells present many of the varia- 
tions from normal which have been described for 
cancerous cells. The significance of these findings 
is difficult to evaluate at the present time. 


The significance of the nucleolar changes, both 
the enlargement and the presence of intranucleolar 
vacuoles which often occurred in the adenomatous 
hypophyseal cells, is not clear. However, recent 
advances in our knowledge of the structure and 
function of the nucleolus indicate that these changes 
are worthy of further study. In certain organs of 
the rat Biesele (1) has found a maximum of 6 
nucleoli in cells with a diploid set of chromosomes. 
Studies made during the last few years indicate 
that the nucleoli are formed during the telophase 
by or under the influence of certain chromosomes 
and that they disappear during the succeeding pro- 
phase; see Gates (15) for review of the literature. 
More specifically, Caspersson and Santesson (7) 
state that the nucleoli are produced within or close 
to heterochromatic portions of chromosomes. They 
believe that nucleoli are products of the activity of 
the heterochromatin. 

The function of the nucleolus is still only vaguely 
known. Both Ludford (19) and Sayles (30) found 
that nucleoli were increased in size in cells whose 
metabolic activity was high, and several workers 
state that nucleoli are large in cells concerned with 
protein synthesis (7, 10, 17). In the last few 
vears our knowledge of the nucleolus has been 
materially advanced by the studies of numerous 
investigators, particularly those of Caspersson and 
his ce-workers, whose investigations were concerned 
with nucleic acids and their relation to protein 
svnthesis. Ribonucleic acid has been shown to be 
present in the nucleoli, around the nuclear mem- 
brane, and in the cytoplasm of many cells, particu- 
larly those that are rapidly growing (5). It is 
quite abundant in the cytoplasm of cells that are 
producing secretion rich in protein (6, 7). Fur- 
thermore, ribonucleic acid is responsible for the 
cytoplasmic basophilia which is characteristic of 
such cells (7, 11). Ribonucleic acid seems to be 
intimately related to the synthesis of protein (4, 
6, 7 and 26), and apparently the activities of 
heterochromatin, nucleoli and the cell membrane 
are closely associated in this process (7). Accord- 
ing to Caspersson and Santesson (7) proteins rich 
in hexone bases are produced by heterochromatin 
and these make up the principal portion of the 
nucleolus. These proteins migrate toward the cell 
membrane where the production of ribonucleic acid 
occurs; the latter seems to stimulate the production 
of cytoplasmic proteins. Therefore, the nucleolus 
seems to play a definite role in nucleic acid metabo- 
lism and protein synthesis. Since the same authors 
(7) have also demonstrated that the formation of 
ribonucleic acid and the synthesis of protein are 
unusually active in certain malignant cells, it is 
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natural to suggest that the pronounced nucleolar 
changes noted in many of the adenomatous anterior 
lobe and intermediate lobe cells might indicate 
some sort of dysfunction of the metabolism of nu- 
cleic acid and proteins. A further study of adeno- 
mas with this thought in mind might well vield 
valuable information. 


SUMMARY 

Three types of adenomatous lesions were found 
in the anterior hyvpophvses of old female rats, /.¢., 
hemorrhagic adenomas, adenomatous nodules and 
chromophobe adenomas. The first two types of 
lesions contained chromophobes and in some. in- 
stances acidophiles also. 
only chromophobes. 


The last tvpe contained 
Although the three separate 
tvpes of lesions were easily differentiated from 
each other. the cytological appearance of the cells 
constituting them were identical. 

The adenomatous chromophobes usually, but not 
invariably, exhibited various degrees of hypertro- 
phy when compared with normal chromophobes. 
Quite often, however, thev were not enlarged at all 
and rarely they were even smaller than normal. 
Hypertrophy of the nucleus occurred more _ fre- 
quently than hypertrophy of the cell as a whole 
while enlargement of the nucleolus was found in a 
great majority of the adenomatous cells. The de- 
gree of enlargement of the adenomatous chromo- 
phobes, of their nuclei, and their nucleoli was ex- 
tremely variable. The enlarged nuclei were often 
surrounded by wrinkled nuclear membranes, or ex- 
hibited lobulation and evidence of nuclear budding. 
Binucleate cells were frequently found. The nu- 
cleoli. in addition to being enlarged, often contained 
nucleolar vacuoles. Nucleolar vacuoles were also 
found in the normal chromophobes but much less 
frequently. 

The adenomatous chromophobes often contained 
hypertrophied Golgi bodies. Often increased num- 
bers of mitochondria were found and occasionally 
hypertrophy of these bodies occurred. Lipoid drop- 
lets were found fairly frequently in the adeno- 
matous chromophobes and infrequently in the nor- 
mal cells. 

The adenomatous acidophiles constantly showed 
various degrees of hypertrophy. These cells were 
always well filled with granules. The Golgi ap- 
paratus was generally enlarged and mitochondria 
were generally abundant. The same nuclear and 
nucleolar changes which occurred in adenomatous 
chromophobes were also found in the adenomatous 
acidophiles but usually the changes were not so 
pronounced. 
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Mitoses were found frequently in the adenoma. 


tous cells; they were practically absent in the nor- 
mal cells, 


The cells found in the two intermediate lobe 


adenomas were characterized by varving degrees 


of enlargement. 
ally similar to those 
lesions, — In 
Golgi apparatus was 


The nuclear changes were gener- 
found in the anterior lobe 
the adenomatous cells the 


enlarged and often an- in- 


many of 


crease in the numbers of mitochondria was found, 


Comparison of adenomatous cells with normal 


cells in both the anterior and intermediate lobes 
indicates that adenomatous cells did not possess any 
distinctive cytological characteristics which would 
permit their differentiation from normal cells. 
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In the design of these experiments the governing 
idea has been that microorganisms might selectively 
infect neoplastic cells and then operate competi- 
tively to restrict tumor growth. The decision to try 
first to establish such a relation for some member 
ot the class of filtrable viruses was made because 
these agents are intracellular and could. theretore. 
be capable of interference with cell metabolism at 
iundamental levels perhaps otherwise inaccessible. 

Levaditi (5-9). Rivers and Pearce (10-12) and 
Findlay and MacCallum (2) established that viruses 
may infect tumors of rodents and. in addition, be 
carried there for such unusually long periods of 
time as to suggest that perhaps malignant cells 
cannot develop an immunity to virus (12). The 
behavior of the neoplastic cells appears for the most 
part to have been unaffected. Levaditi observed 
necrosis of tumor. but evidently only as part of a 
generalized infection of the host which was usually 
fatal (5. 7). However, the more recent experience 
of Andrewes (1) indicates at least the possibility 
that as the result of the presence of a virus the pro- 
liferation of neoplastic cells may be modified in 
some way without the complication of host injury. 
He found that an infectious fibroma of rabbits. it- 
self caused by a filtrable virus. can support Virus 
III. The fibroma ordinarily regressed spontaneously 
in an average period of 33 days, but the carriage of 
Virus III was associated with a reduction of the 
time for this process to about 19 davs. The sugges- 
tion was made that the change perhaps represented 
an example of the interference phenomenon. 

In these reports little attention has been paid to 
the amount of virus involved. a consideration that 
could be supposed to be of importance for any 
effect produced. whatever its mechanism. Quantita- 
tive relationships have. therefore, been examined in 
the experiments now to be described. in which a 
particular effort has been made to introduce large 
amounts of virus into a tumor. 


* Read in part before the American Society for Clinical 
Investigation, May 5, 1947. 

This investigation has been aided by a grant from The 
Jane Coffin Childs Memorial Fund for Medical Research. 
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METHODS 

Sarcoma 180 was the 180th spontaneous mouse 
tumor to be studied in the Crocker Institute for 
Cancer Research, Columbia University: It has now 
been transplanted for more than 30 vears, and has 
shown exceptionally vigorous growth. Analysis of 
the results of grafting 21,663 mice over the period 
1914 to 1934 has been made by Haagensen and 
Prime (3). The tumor grew progressively in 98.4 
per cent of the animals. “Cure” by ulceration, 
necrosis, and slough occurred in 1.08 per cent, and 
spontaneous regression in only 0.33 per cent. Thus, 
fewer than 1 animal in 20 can be expected to sur- 
vive inoculation of Sarcoma 180. Moreover, the be- 
havior of this tumor has been remarkabiy constant 
from vear to vear. Appreciable fluctuations in per- 
centage of “takes” and regressions are infrequent. 
though they may be encountered. 

Grafts of sarcoma 180 were made routinely into 
the subcutaneous tissues of the right flank of mice 
at about the level of the costal border. The amount 
implanted was standardized as one piece of about 
1.5 mm. in all diameters. The fragments were in- 
troduced by a large needle and trocar in the cus- 
tomaryv way. 

The strain of vaccine virus employed was neuro- 
tropic. To begin with, a specimen of commercial 
calf-lymph was mixed with an equal amount of a 
solution of penicillin and streptomycin (2,500 units 
of each per cc.) and 0.3 cc. was then injected in- 
tracerebrally into a rabbit. Four days later there 
were signs of encephalitis. The brain was removed, 
and, having been found bacteriologically sterile. 
was macerated and suspended in 4 parts of broth. 

Inoculations of 0.025 cc. of this suspension were 
now made into the brains of mice under light ether 
anesthesia. After a few blind passages, the animals 
regularly developed fatal encephalitis. For the re- 
mainder of the work intracerebral passages in mice 
were made at frequent intervals. 

While adapted to mouse-brain, the virus has 
been found to have the wide scope of tissue affini- 
ties that characterizes most strains of vaccinia. 
Thus, it retains a dermotropism and produces typi- 
cal lesions in the skin of the rabbit. It gives rise 
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to discrete pox on the chorioallantoic membrane of 
the enibrvonated hen’s egg. For the mouse it is 
lethal if given intracerebrally. Moderate doses, 
however. may be given subcutaneously or intra- 
venous!, without the development of any gross 
lesions or impairment of health. 

For routine tests for virus a piece of the brain, 
or tumor. or other tissue to be examined, was cut 
up with scissors in a mortar and macerated thor- 
oughly. A suspension was then made by adding 
abcut 4 parts of broth containing per cc. 1,000 
units both of penicillin and of streptomycin. It 
may be noted that this standard antibiotic broth 
was used routinely as a vehicle throughout these 
experiments and appeared to influence the results 
only in providing complete control of bacterial con- 
tamination. ‘Titrations were performed by making 
serial ten-fold dilutions from 0.2 cc. of the 1:5 sus- 
pensions. The precaution of changing pipettes for 
each tube in the titration was observed routinely. 

Tests for the presence of virus were carried out 
in rabbits. The shaved skin of the back of grey 
chinchillas weighing 2,500 to 3,500 gms. was 
marked off into squares and about 25 tests carried 
out in each animal; 0.05 cc. of suspension was 
inoculated intradermally and reactions were exam- 
ined after 48 hours. Final readings were taken on 
the sixth day. Positive reactions usually appeared 
between 48 and 72 hours after inoculation. 

The mice employed were for the most part of a 
Swiss strain bred in the Medical Department lab- 
oratories tor some 15 years and proven to be satis- 
factory for investigations concerning a number of 
respiratory viruses. C57 black mice, obtained from 
the Jackson Memorial Laboratory, Maine. were 
also used for a few experiments, as indicated below. 
All mice were between 4 and 8 weeks old at the 
beginning of each experiment. 

Preparation of virus-infected sarcomas.—For the 
introduction of virus into tumors a major consid- 
eration was that the infective dose should be large, 
and an experiment was designed with this end in 
view. First. sarcoma was grafted routinely in the 
Nank of several animals. Six days later a certain 
number of the tumors, which had reached the siz2 
of a pea. were injected directly with 0.1 cc. of a 
1:3 suspension of vaccinia-infected mouse brain. 
At the same time an equal number of control tu- 
mors were prepared by injection of suspensions of 
normal mouse brain or of heat-inactivated (100° C.) 
virus. Four days later both control and infected 
sarcomas were removed and pieces of them were 
implanted into new hosts for a study of their com- 
parative development. 


RESULTS 

The proliferation of vaccine virus in sarcoma 
180.—FEstablished gratts of tumor that had been 
injected on the sixth day of growth with stock 1:5 
suspensions of infected mouse brain were tested at 
intervals thereafter for virus. At 24 hours the virus 
was recovered only in small quantities, 7.e., in titer 
of 10' or less. By the second day, however, the 
titer was found to be as high as 10 ‘, and it reached 
a maximum soon after, running out sometimes to 
10°” by the fourth to sixth day after injection. 

If fragments of sarcoma were exposed im vitro 
to suspensions of vaccinia and then implanted in 
mice, the virus was taken up and proliferated in 
the growing tumor. Pieces of untreated sarcoma 
were prepared as for routine grafting. They were 
placed in a test tube containing a 1:5 broth sus- 
pension of infected mouse brain and allowed to re- 
main there for 2 hours at room temperature. They 
were then washed several times with normal saline 
and grafted into 7 mice. ‘Two weeks later the ani- 
mals were sacrificed. Tumors had grown in 6. 
Vaccinia was recovered from all of these; for 2 a 
titration was performed and the titers were found 
to be 10°”. 

Following almost complete inactivation by heat 
this strain of vaccinia appeared to multiply in sar- 
coma 180. A 1:5 suspension of infected mouse 
brain was placed in a 56° water-bath for 2 hours. 
Mice inoculated intracerebrally with the heated 
suspension died only after 13 days, and the mor- 
tality rate was then 50 per cent. An unheated sus- 
pension of this concentration may be expected to 
kill all mice injected intracerebrally within 4 days. 
Two sarcomas were injected with the same heated 
suspension. Four days later the tumors were re- 
moved and ground with 4 parts of broth, and 2 
mice were inoculated intracerebrally with 0.025 cc. 
of each preparation. All of the mice died on the 
third or fourth dav. Evidently the virus had been 
almost completely inactivated by heat and upon 
intracerebral injection could kill only slowly and 
irregularly. Passage through the sarcoma. however. 
rapidly restored high pathogenicity, presumably 
through growth of virus and local increase of its 
concentration in the tumor. 

Comparative development of grafts of vaccinta- 
infected and control tumors——The rate of growth 
of grafts of tumors prepared as described above 
has been examined in several ways: (a) by noting 
at intervals after transplantation the number oi 
animals bearing distinctly palpable nodules. (b) 
by sacrificing the hosts after some days and weigh- 
ing the tumors, (c) by an examination of the fa- 
tality rate. 
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In 5 different experiments 9° mice have received 
vaccinia-infected grafts of sarcoma 180, while par- 
allel controls numbered 106. By the 7th day after 
implantation 97 (91 per cent), and by the 10th 
dav 100 (94 per cent). of control grafts could be 
appreciated as distinct nodules giving unequivocal 
evidence of growth of the transplant. Meanwhile 
on the seventh dav, only 38 (38 per cent) of the 
infected implants could be felt and on the tenth 
dav this number had increased to no more than $9 
(60 per cent). There is thus a pronounced inhibi- 
tion of virus-infected grafts during the first week 
or 10 davs of growth. 

If the tumors were removed and weighed 11 
days after implantation, similar findings were en- 
countered. In one such experiment the mean weight 
of 20 control tumors was 0.77 gms., almost 3 times 
the mean weight, 0.27 gms., of 18 tumors contain- 
ing virus. Moreover. while there was considerable 
Variation in weights of individual tumors in both 
groups. the largest infected tumor (0.5 gm.) 
weighed less than the mean of the controls (0.77 
gm.). and not half as much as the largest single 
control sarcoma (1.3 gm.). Again. within the first 
2 weeks there is evidence of a clear difference in 
rate of growth between vaccinia-infected and con- 
trol tumors. 

Table I indicates the results of an experiment in 
which the animals were left for a longer period of 


Taptre I: Fataritry Rate in Mice BEARING Sarcoma 180 
Errect oF Vaccinia INFECTION OF TUMOR 


Controls Infected 
Number of mice* 30 28 
Died of tumor 27 (90%) 16 (57%) 
Failure to grow 0 4 (14%) 
Regressions 1 (3%) 7 (25%) 
“Cure” by slough 2(7%) 1 (4%) 
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time to submit to the natural course of events. On 
the tenth day after grafting the first control had 
died of tumor, and by the end of the third week 
90 per cent of these animals had died in the same 
way. Meanwhile, relative slowness of growth of 
infected sarcomas was noted during the first week. 
and was further demonstrated in a delay in the 
occurrence of deaths of the hosts. Four trans- 
plants did not grow at all. Of the 24 (86 per 
cent) that did grow, no less than 7 regressed, while 
one was cured by slough. Thus, in all, 43 per 
cent of the mice survived implantation of virus- 
infected grafts. 

The main point is once more that the growth 
of the virus-infected tumors was slower and _ ulti- 
mately less successful than that of the controls. 





The number of animals is small, vet perhaps suffi- 
cient to suggest an increased incidence of regres- 
sion for infected sarcomas. 

The tumor appears less able than normal tissues 
to destroy or eliminate virus. Perhaps it would 
not be surprising to find small traces of vaccinia 
persisting in sarcomas. But large amounts. of 
virus, titering out to 10° to 10° were recoverable 
from many of the tumors, including those removed 
even in the phase of regression. The sarcoma is 
thus differentiated from susceptible normal tissues, 
in which it would be unusual to find virus at all 
after 2 weeks from the time of invasion, 

There is no evidence that the changes observed 
were the consequence of ill-health of the animals or 
of generalized vaccinial infection. In all experi- 
ments weights were taken every two days. No 
significant differences from normal controls were 
encountered. The mice did not look sick. and virus 
could not be recovered from the viscera of those 
bearing infected grafts, though in several separate 
experiments this point was examined at intervals 
after transplantation. 

It might be that a pox virus would be capable 
of producing inflammation which could interfere 
with the proliferation of a tumor in the neighbor- 
hood. This has not been found. Moreover, at- 
tempts to produce subcutaneous lesions by the in- 
jection of concentrated suspensions of this strain 
of vaccinia into the flank have failed. Tumor 
nodules have been examined microscopically at 
intervals after grafting, and there is no evidence of 
inflammation around the infected grafts. either in 
the connective tissues or the overlying epithelium. 
It also seems unlikely that there is sufficient altera- 
tion in the vascular supply or the bed of the im- 
plant to account for the degree of retardation of 
growth. The detailed histological findings will be 
presented elsewhere (4). 

Only a partial answer can be given to the ques- 
tion as to whether immune mechanisms of the host 
may contribute to the effect. The inhibition of 
growth is seen even during the first few days after 
transplantation and it is not likely that antibodies 
to the tumor would develop within this time in 
sufficient quantity to exert such a pronounced ac- 
tion. The influence of active immunity to vaccinia 
has been tested. Mice were immunized by sub- 
cutaneous injection of 0.1 cc. of suspension of 
vaccinia-infected brain. Two weeks later they 
withstood intracerebral challenge. In these mice, 
vaccinia-infected grafts were again found to grow 
more slowly than control grafts and at about the 
same rate as in non-immunized hosts. For the 
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earl dation of growth of vaccinia-infected While it seems likely that the inhibition of 
Sarco therefore, no evidence has vet been un- — growth of the tumor is due largely to a_ direct 
coverc. (oO suggest that an immune mechanism ts action of virus on the tumor cells, further detailed 
respons!) li Analysis of subsequent development = analysis of the phenomenon must depend on the 
of th jors and of their regression is incomplete, accumulation of quantitative data. It would appear 


and it may well be that antibodies of some. sort 
contribute appreciably to the changes seen in the 


latel Sf eeS at growth. 


DISCUSSION 

While the tindings have been lett) temporarily 
incomplete in several respects, including the his- 
tological changes, two principal points may be 
made. First. vaecinia virus can be shown) to 
possess considerable attinity for a malignant tumor 
and within the tumor it mav attain high concen- 
tration which can persist for an unusually long 
time without causing obvious injury to the host. 
Second, after transplantation the tumor carrying 
large amounts of virus does not grow as rapidly as 
it otherwise would. 

As for the proliferation of virus in the sarcomas, 
it seems fair to assume that this occurs within the 
neoplastic cells rather than in the stroma. A rigid 
proof can hardly be given in the absence of visible 
inclusion bodies, and these are not likely to form 
in cells derived from mesoderm. However, the 
well-known predilection of viruses for rapidly 
growing normal tissues, adult and = embryonic, 
makes an infection of vigorously growing tumor 
cells reasonably probable. Moreover, the virus 
persisted in the sarcomas for a longer period of 
time and in higher concentrations than could be 
expected from simple invasion of the supporting 
connective tissues. 

The retardation of growth of infected tumors 
has been demonstrated by a method which is not 
unobjectionable. In the past, the direct injection 
of various chemical agents into neoplasms has been 
followed at times by restriction or cessation of 
growth. vet introduction of the same agents in 
other wavs, e.g., intravenously, has proved quite 
without effect. The method has been employed 
here, nevertheless, largely in order to secure con- 
centrations of virus that it may or may not be 
possible to attain otherwise. Moreover, the be- 
havior of the tumors has been studied after their 
subsequent transplantation into new hosts, so that 
an injurious action of the initial injection upon the 
vascular supply and bed of the implant cannot be 
held accountable for the results. Therefore, what- 
ever the mechanism involved may be, it probablv 
concerns primarily the neoplastic cells rather than 
the supporting tissues. 


that large amounts of virus are necessary for the 
effect, and it may be that varving concentrations 
of virus can be shown to exert correspondingly dif- 
Without such 
evidence the hypothesis of competitive antagonism 
remains unsupported. Other explanations may be 
offered, for example, it is possible that the virus 


ferent degrees of growth restriction. 


elaborates a toxin capable of producing severe dam- 
age to cells. 

In any case, there are certain aspects of the 
problem that would appear to deserve further in- 
vestigation. Among them may be included the pos- 
sibility of influencing the growth of an established 
tumor by intravenous injection of virus, and the 
extension of the observations to other tumors and 
other viruses. 


SUMMARY 

A strain of vaccinia that was adapted to mice 
has been shown to be capable of infecting sarcoma 
180. Within the tumor the virus may attain high 
concentrations (titres 10° to 10°) which can per- 
sist for long periods of time without causing ob- 
vious injury to the host. Upon transplantation 
tumors carrying large amounts of virus grow more 
slowly and less successfully than they otherwise 
would. Infected grafts have been found to weigh 
less than half as much as controls after 11 davs 
of growth, and they have been observed to regress 
more frequently. 

The explanation is offered that the virus acts 
directly on the neoplastic cells. The mechanism of 
action 1s not clear, and may involve the operation 
of a viral toxin or a competitive antagonism be- 
tween virus and the infected neoplastic cells. 
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INTRODUCTION 


The term visceral lymphomatosis has been ap 
plied to the condition in chickens in which one or 
more of the visceral organs contain) abnormally 
large accumulations of lymphoid cells (26). This 
condition has also been referred to as lymphats 
leukosis (13), lymphadenoma (30), lymphocytoma 
(15), hepato-lymphomatosis (22), hemocytoblas 
toma (25), lymphosarcoma (36), and has been re: 
garded by many (1, 16, 21, 30, 33) as a malignant 
neoplastic disease. 

Reports of results on attempts to transmit. vis- 
ceral lymphomatosis have either been highly con- 
tradictory or inconclusive. Some investigators (18, 
30) were unable to transmit this disease by inocu- 
lation. Because of negative results obtained, other 
investigators (15-17) held the view that lympho- 
matosis is a nontransmissible disease. However, 
more recent reports (3-5, 22, 35, 36) indicate that 
lvmphomatosis may be transmitted with cell-con- 
taining inocula under favorable conditions. Others 
(25, 28, 29, 32) have expressed the view that the 
various manifestations of lymphomatosis, erythro- 
blastosis and granuloblastosis are expressions of 
the same disease process, and result from a common 
etiologic agent. These interpretations have been 
based in part on experiments in which lymphoma- 
tosis has occurred among the controls, and conclu- 
sions were drawn from statistical differences in in- 
cidence of the various manifestations between con- 
trol and inoculated groups. No specific attempts 
were made to exclude the possibility that the in- 
vestigators worked with a mixture of agents—a 
reasonable explanation for the diverse manifesta- 
tions obtained. 

It has been shown repeatedly that erythro- and 
granuloblastosis can be transmitted readily with 
filtrates [see reviews of Olson (33), Engelbreth- 
Holm (14), and Furth (23) ], and that the etiologic 
agent has many characteristics ascribed to viruses 
(20, 24, 27, 37). Thus, if one accepts the unitarian 
view (25) one may hypothesize that all forms of 
leukosis in chickens are produced by a virus-like 
agent; however, such reasoning has many weak- 
nesses (21, 23) and is of much less significance 
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than evidence obtained from well controlled experi- 
ments showing a high rate of, and direct) trans 
mission of, a particular form of the avian leukosis 
complex (26). 

In view of the controversial status of visceral 
lymphomatosis and the lack of conclusive evidence 
concerning its transmission, experiments were con- 
ducted to test the transmissibility of this manifes- 
tation. These experiments have been conducted 
with a uniformity of environment and host which 
has hitherto not been attained. It has already 
been reported (5) that, under certain conditions, 
cell-containing preparations from tumors of some 
cases of visceral lymphomatosis will induce a high 
incidence of tumors in a short time: whereas simi- 
lar preparations from other cases will produce only 
a few, if any, tumors. Four inocula that elicited a 
high proportion of tumors were propagated by serial] 
transfer through 15 to 19 passages made at inter- 
vals of 7 to 14 days. 

kxperiments described herein further demon- 
strate the variation in the transmissibility of vis- 
ceral lymphomatosis by cellular inocula from differ- 
ent naturally occurring cases. They also show 


visceral lymphomatosis, when injected into chicks. 
will produce lymphomatous involvement of the vis- 
cera and, in some instances, osteopetrosis. 
MATERIALS AND METHODS 

Donors.—The birds that supplied the material 
for inoculation were obtained either from the Labo- 
ratory flock used in the genetic study of this disease 
or from a group of birds from the genetic flock set 
aside specifically to provide lymphomatous material 
for inoculation. None of the birds in either of 
these groups had been inoculated nor had they had 
any contact with other inoculated birds. The 
pathological entities noted in the flock supplying 
chicks have been essentially the same during the 
past 7 vears (5. 40). The incidence of visceral 
lvmphomatosis has been about 25 per cent. the 
neural form about 10 per cent and ocular Ilvmpho- 
matosis less than 1 per cent. Ervyvthrogranulo- 
blastosis and osteopetrosis have been extremely 
rare. 
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For the series of inoculations reported herein, 
only cases that upon gross examination appeared 
to have lesions typical of visceral lymphomatosis 
were used. Microscopically, a diagnosis of visceral 
lymphomatosis was confirmed in all cases except 
F259F2. This bird had an enlarged liver and kid- 
nevs indicative of a diffuse lyvmphomatous involve- 
ment. However, microscopic examination revealed 
features not typical of those usually found in vis- 
ceral lymphomatosis. The perivascular lympho- 
cytic accumulations observed in the liver may have 
resulted from a reaction to bacterial infection. The 
glomeruli of the kidney were hypertrophied and 
no evidence of lymphomatosis was found. 

Enlargement of peripheral nerves typical of neu- 
rolvmphomatosis occurred in 4 donors (G124E, 
F615S2, F355D2, F404E). Microscopic study re- 
vealed 3 other birds with similar lesions (G736U2, 
G159K2, and F1110R). One donor, F1110R, also 
had ocular lymphomatosis. 

The donors were chosen because of massive tume- 
faction of the liver or ovary. All had a lymphoma- 
tous liver and spleen and all but one had similar 
involvement of the kidney and ovary. Other tissues 
grossly or microscopically involved were, in de- 
creasing order of frequency: bone marrow, pan- 
creas, thymus, sciatic nerve, brachial plexus, adren- 
al gland, heart, intestine, skin, proventriculus, 
bursa of Fabricius, mesentery, muscle, pericardium, 
and eye. 

In one bird (F1104G) the liver was diffusely 
tumorous. All others showed either a miliary type 
of involvement or focal tumors of varying size dis- 
tributed throughout the liver parenchyma. Some 
livers were so tumorous that no parenchyma was 
grossly visible between the tumor areas. All 
ovarian tumors were classified as diffuse, since they 
were consistent lymphomatous masses with very 
little stroma. 

Livers that were diffusely involved usually had a 
smooth surface and were pulpy or friable. Those 
with a focal type of involvement had a granular or 
irregular surface and were firm and resistant to 
section. 

Microscopic study showed that the tumors were 
composed mainly of lymphocytes and larger imma- 
ture cells which appeared to be hemocytoblasts 
(25). The proportion of hemocytoblasts making 
up the tumor varied considerably in the various 
donors. In F404E and F1104G, less than 1/10 of 
the cells making up the tumor could be classified 
as hemocytoblasts. In 5 others (G124E, G159K2, 
F355D2, FILIOW, FI1IIOR) 1/5 to 1/3 of the 
tumor cells were hemocytoblasts and in the re- 
maining 3 cases (F615S2, F73602, F736U2) the 


proportion was about 2/3. The location of the 
tumor cells in the liver was almost entirely extra- 
vascular and extrasinusoidal except in one case. 
The involvement in the liver of G124E differed 
somewhat, in that part of the tumor was intra- 
sinusoidal. One liver (G73602) had abundant 
fibrocytes and fibers within the tumor. 

Examination of blood smears taken just prior to 
the collection of the tumors showed abnormal varia- 
tions in all donors, but none could be classified as 
leukemic. A few donors had erythrocytes of ab- 
normal size and shape with an appearance of poly- 
chrome erythrocytes and erythroblasts. The ma- 
jority of donors had a slight to marked increase in 
the number of granulocytes. Myelocytes and he- 
mocytoblasts were seen in a few of these cases: 
lymphocytes were decreased and abnormal throm- 
bocytes appeared in most instances. 

Inoculum.—All donors were killed by electrocu- 
tion; tumor tissue for inoculation was removed 
with aseptic precautions. A cellular and a cell- 
free preparation were made from each tumor to be 
tested. The inocula containing viable cells were 
prepared by macerating the tumors (F615S2, 
F259F2, F355D2) in a mortar or in a mincer (34) 
and then suspending the mince in 4 parts of 0.85 
per cent NaCl solution and filtering the suspension 
through a layer of sterile cheesecloth. 

The cell-free inocula of tumors from donors 
F615S2, F259F2, F355D2, and G124E were pre- 
pared by homogenizing in a Waring Blendor' for 
20 minutes with 9 parts of 0.85 per cent NaCl 
solution. The suspension was then spun in an 
angle centrifuge for 5 minutes at 1,700 RPM. The 
top 2/3 of the supernatant was slowly siphoned 
into clean tubes and again spun for 5 minutes at 
1,700 RPM. The upper 2/3 of the second super- 
natant was used for inoculation. The cell-free 
inoculum of F404E was prepared in the same 
manner except that each centrifugation was made 
for 15 minutes at a speed of 3,000 RPM. The 
supernatant obtained from the second centrifuga- 
tion at 3,000 RPM, was spun in an angle centrifuge 
for 3 hours at 19.000 RPM (a force of 27.000 
times gravity). The resulting sediment that formed 
small pellets at the bottom of the tubes was re- 
suspended in 1g the original volume of supernatant 
and used for inoculation. 

The cell-free inocula of the remaining tumors 
were prepared by homogenizing the tissue with 9 
parts of 0.78 per cent NaCl solution containing 
0.03 M PO, buffer at pH 7.4 The suspension was 
then spun for 20 minutes in an angle centrifuge at 
2,600-4,000 RPM. The supernatant was siphoned 


‘Obtained from the Central Scientific Co.. Chicago, II. 
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off am passed through a preliminary (3 to 7 
pound. pressure) Mandler filter. The cell-free fil- 
trate of F1110R was, in addition, filtered through 
an 11 pound Mandler candle. This candle, after 


cleaniny and resterilization, retained completely a 
48 hour culture of Serratia marcescens filtered un- 
der the same conditions as the tumor extract. Pre- 
cautions were taken to keep the tumor material 
within the temperature range of about 2” to 15° C. 
while the inoculum was being prepared and until 
it was injected into recipients. 

All inoculations were made into the peritoneal 
cavity of chicks 1 day old. The dosage was 0.5 
cc. for the cell suspension and 1.0 cc. for the cell- 
free inoculum. 

Recipients —Chicks for inoculation were obtained 
from pedigreed White Leghorn chickens maintained 
in quarantine and used in the genetic study of the 
disease (38). All chicks used in this study were 
obtained from those matings of line 15 (a line 
classified as relatively susceptible to lymphoma- 
tosis) that were relatively free from disease (39). 
Chicks injected with different inocula of the same 
donor were not kept separate; however, chicks in- 
oculated with material from different donors were 
maintained in separate brooders, batteries, and 
pens. 

Two groups of control chicks, obtained from the 
same matings and during the same period as the 
inoculated chicks, were maintained for the first 90 
days in a quarantined pen with other chicks of the 
same origin which had not been inoculated or 
otherwise exposed to disease agents. During the 
age period of 90 to 183 days the controls were 
maintained with inoculated chicks of the same age. 
At 183 days of age all control birds were killed and 
examined for tumors in the same manner as the 
inoculated birds. 


RESULTS 


Preparations from 7 different lymphomatous liv- 
ers, 1 spleen, 5 ovarian tumors, and the blood of 1 
donor were tested. The results obtained for an ex- 
perimental period of 183 days, except when other- 
wise indicated, are presented in Table I. 

With certain exceptions, the pathological altera- 
tions obtained in the recipients were generally simi- 
lar to those of the donors. Most of the tumors were 
confined to the viscera. One donor (F615F2) pro- 
duced, in addition to the visceral tumors, a high 
incidence of osteopetrosis similar to that obtained 
with the lymphoid tumor strain RPL 12 (6). Only 
one case of osteopetrosis developed in the chicks 
injected with the cell-free preparation of the tumor- 
ous liver of G124E. Neither of these original don- 


ors showed any evidence of osteopetrosis. Several 
donors produced a few cases of neurolymphoma- 
tosis. 

Of all the visceral positive cases, 95 per cent of 
the cellular inoculated and 98 per cent of the cell- 
free inoculated birds had lymphomatous livers. The 
spleen was tumorous in 83 per cent of cases in both 
groups and the kidney in 71 per cent in the cellu- 
lar and 50 per cent in the cell-free inoculated group. 
The heart was positive in about 25 per cent and 
the gonad in about 10 per cent of all visceral posi- 
tive cases in both the cellular and cell-free inocu- 
lated groups. Other organs were also occasionally 
affected. Occasionally the liver was diffusely in- 
volved with tumor tissue but generally the focal 
tumor areas of various sizes were distributed 
throughout the liver parenchyma. 

The variation in transmission obtained with ma- 
terial from different donors was obvious. A signifi- 
cant incidence (63 to 85 per cent) of tumor for- 
mation was obtained with 7 of 14 cellular inocula 
and another inoculum produced tumors in 4 of 17 
chicks. The incidence (14 and 21 per cent) of 2 
other groups (ovary and liver of G124E) would 
very probably have been higher had they been 
kept for the full period (183 days) instead of only 
93 days. 

Only 5 of 13 cell-free preparations produced tu- 
mors in 39 to 94 per cent of the chicks. All tumors 
active in the cell-free form were also active as cellu- 
lar preparations. Thus, there were preparations 
with three levels of activity: tumors from G124E, 
G73602, F615S2 and F111OR reproduced tumors 
with cellular and cell-free preparations; tumors 
from G736U2, G159K2, F404E, F1110W and 
F1104G were active only as cellular preparations: 
and tumors from F259F2 and F355D2 produced 
no tumors (1 case of neurolvmphomatosis occurred 
among chicks inoculated with F259F2) with either 
preparation. 

There appeared to be no obvious relation be- 
tween the transmissibility of the tumor and its 
location. Tumorous livers occurred in all 3 classes 
of activity and ovarian tumors appeared in both 
the cell-free and cellular categories. 

A high incidence of enlarged bones typical of 
osteopetrosis was obtained with inocula of F615S2. 
This change was conspicuously absent from all 
other groups, with the exception of a single bird 
inoculated with the cell-free extract of G124E. 

Enlargement of the nerves typical of neurolym- 
phomatosis occurred in a few birds of several 
groups. The highest incidence of nerve involve- 
ment was obtained with heparinized whole blood 
and cell suspension of the ovarian tumor of F404E. 
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Each inoculum produced 4 cases of neural involve- 
ment in 20 birds inoculated, but involvement of the 
viscera was conspicuously absent. Two to three 
cases of neurolymphomatosis also occurred in 4 
other cellular inoculated groups, but only one case 
developed in each of 3 of 13 injected with cell-free 
preparations. 


ey 


duce similar tumors in recipients, thus indicating 
that there is a filtrable agent in tumors of viscera] 
lvmphomatosis which is capable of reproducing 
Ilvmphoid tumors in chickens. It is significant that 
no evidence of tumor was found in chickens of the 
2 control groups. This result, and the fact that no 
pathological finding was obtained among the birds 


TAB Le I: REsUtts oF INJECTING YOUNG CHICKS WITH CELLULAR AND CELL-FREE INOCULA PREPARED FrRoM TuMors OF VISCERAL LY MPHOMATOSIS 


Donor 
—— Inoculum 
Bird Age, ——______—_——""—-_ Number 
number days Source Type inoculated 
G124E 113° Ovary, cellular 14* 
cell-free 15 
Liver, cellular 1+* 
cell-free 17 
G736U2 176 - Liver, cellular 18 
cell-free 20 
G7 3602 197 Liver, cellular 19 
Spleen . 19 
Kidney 
Liver -cell-free 18 
Spleen 
G159K2 260 ~=Liver, cellular 13 
cell-free 18 
F615S2 392 Ovary, cellular 14* 
cell-free 16 
F355D2 477 Liver, cellular 20* 
cell-free 21 
F259F2 532 Liver, cellular Se 
cell-free 20 
F404E 574. Blood, cellular 20 
Ovary, = 20 
cell-free 19 
centri. sed. 19 
F1110W 742. Ovary, ceilular 19 
cell-free 17 
F1104G 811 Ovary, cellular 17 
cell-free 19 
F1110R 812 Liver, cellular 18 
cell-free 18 
Controls (Contact after 90 days) 20 
sé sé éé éé éé ?1 


* Experimental period of 93 days, all others 183 days. 


DISCUSSION 

The results presented show that cellular inocula 
prepared from the visceral tumors of certain cases 
of naturally occurring visceral lymphomatosis pro- 
duced similar tumors in inoculated chickens. These 
results are similar to those reported earlier by Bur- 
mester and Prickett (5) and supplement them. 
Together with the results of Brewer and Brown- 
stein (4) they show beyond doubt that many cases 
of naturally occurring lvmphomatosis are readily 
transplanted to healthy chicks, and indicate that 
the tumors of Olson (35) and Pentimalli (36) may 
not be rare types of transplantable lymphoid tumor. 

Data presented herein also show that cell-free in- 
ecula (in 2 instances a filtrate) prepared from tumors 
of certain cases of visceral lymphomatosis will in- 


Bone 


Age at death of 
visceral positive 
cases, days 


Total 
Pos. cases 


Number with 
tumors of the 
Number 


Viscera Nerve 


Percent Ist case Average 

0 2 Q 2 14 70 75 

0 10 1 11 73 i4 117 

0 3 0 3 21 SOQ 77 

l 12 0 12 71 76 128 

0 11 2 13 72 33 97 

Q 0 0 Q 0) 

0 12 3 13 68 26 133 

0 14 Q 14 74 Zé 51 

0 8 Q 8 49 66 116 

0 11 Q 11 85 LO8 149 

Q 0 Q Q Q - <a 

7 5 0) 11 79 63 70 
10 12 l 15 04 19 123 

0 0) 0 0 Q 

0 Q 0 0 Q 

Q Q l 1 5 

0 0 0 0 0 

0 0 4 + 20 

Q Q + + 20 

0 1 0 l 5 

Q 0 Q Q Q - 

0 11 2 12 63 32 140 

Q 0 0) Q Q 4 ~ 

0 4 0 + 24 14 126 

0 0 Q Q Q - a 

0 12 14 78 78 135 

0 6 l 7 39 137 

Q Q Q (0) 0 

0 Q 0 0 0 


of 7 groups comprising 134 individuals which had 
been inoculated with cell-free material, would indi- 
cate that the positive cases obtained were due en- 
tirely to the inoculation and not due in part to 
possible prior infection of the chicks or to environ- 
mental factors. 

Furth (21) has reported that a virus produced 
an unusual type of lyvmphomatosis in chickens, and 
Burmester, Prickett, and Belding (6) have shown 
that filtrates from a lymphoid tumor derived from 
a case of lymphocytoma (35) produced a high inci- 
dence of osteopetrosis and lymphomatous tumors 
of the viscera. However, a survey of the literature 
indicates that this is the first report showing that 
cell-free inocula prepared from several cases of 
naturally occurring visceral lymphomatosis_pro- 
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duce’ « highly significant incidence of similar tu- 
mors iti a relatively short time. 
Since similar results were obtained when the 


inoculum was passed through a bacteria-retaining 
Mandicr filter (F1110R) it may be suggested that 
the iumors found in cases of naturally occurring 
lymphomatosis may be transmitted by a filtrable 
agent. 

The variation in the transmissibility between 
donors and types of preparations was a characteris- 
tic feature of these results. Of the 11 donors used, 
2 gave negative results with both the cellular and 
cell-free preparations. One of these (F259F2) may 
be omitted from this consideration since it was 
found to be atypical of lymphomatosis. The cellu- 
lar preparations from another donor (F404E) pro- 
duced a 20 per cent incidence of only neurolympho- 
matosis. The cellular preparation of the remaining 
8 donors produced a significant incidence of vis- 
ceral tumors, but cell-free preparations from only 
4 of these were active. Since an active hypotheti- 
cal filtrable agent was not demonstrated in prepara- 
tions from 4 donors that produced tumors with 
cellular preparations, one may suggest that such an 
agent played little if any part in the formation of 
tumors when cellular inocula were used. However, 
the lack of transmission with a filtrate is not in 
itself proof that some form of agent was not pres- 
ent. Evidence for this was obtained in the results 
of G736U2. The cellular inoculum of the tumorous 
liver of this donor produced 11 visceral tumors 
among 18 inoculated chicks and the cell-free prep- 
aration failed to produce any tumors. However, 
filtrates prepared from the fifth cellular passage of 
this tumor induced a high incidence of visceral 
lymphoid tumors and osteopetrosis (7), thus indi- 
cating that an agent or agents may have been pres- 
ent in earlier passages in a disguised or inactive 
form. Similar phenomena have been observed by 
others (8, 9, 31) with the Rous tumor virus and 
suggested for other viruses (2). Variations in the 
type of reactions obtained are also found in the 
age at death of the first animal with a visceral 
tumor for each inoculum. The earliest case occurred 
in 14 days after inoculation with the cellular prep- 
aration of F1104G. However, the total incidence 
during a 183 day period was only 24 per cent. In 
contrast, G159K2 was the slowest (108 days) in 
producing tumors with cellular material: but, the 
incidence of tumors of the viscera was highest (85 
per cent) by the time the birds were 183 days of 
age. Thus there appeared to be a factor or fac- 
tors influencing the speed of tumor development, 
which may have been independent of factors that 
determined the number or percentage of tumor- 


positive birds. Although the birds used were in- 
bred, presumably they were not homozygous with 
respect to all factors which may influence the de- 
velopment of tumors. Thus the host undoubtedly 
contributed to the variation in results. 

Less variation was obtained in the age at death 
of birds injected with cell-free material. Within 
each of the 5 groups with a significant incidence, 
the age of the first bird that died with visceral 
tumors was 66, 74, 76, 79 and 137 days. The aver- 
age age at death of these groups ranged from 116 
days to 145 days. ‘The cell-free extract (F1110R) 
that produced the lowest significant incidence of 
tumors (39 per cent) also produced them at the 
slowest rate, the first case at 137 days with an 
average of 145 days. However, such a correlation 
is not consistent throughout the remaining groups. 
Like the cellular inoculum of F1104G, the cell-free 
extract of G73602 produced the first case (among 
those inoculated with cell-free preparations) in the 
shortest time (66 days) with the lowest average 
age at death of 116 days, but it produced only the 
second to the lowest incidence of tumors (49 per 
cent) among the 5 preparations which produced a 
significant incidence. Here again is an indication 
of an independent variation between incidence and 
rate at which tumors are formed and cause death. 
However, as suggested previously, this variation 
may have been due to difference in the inherited 
resistance of the inoculated birds to this disease. 

Variation in results obtained with the several 
tumors was apparently not related to the detailed 
variation in procedure of preparing the inocula. 
Of the 5 cell-free inocula which produced a signifi- 
cant incidence of visceral tumors, one was passed 
through an 11-pound tested Mandler filter and 
one was filtered through a preliminary Mandler 
candle. The remaining 3, 2 of which were from 
one donor (G124E), were rendered cell-free by 
centrifugation. 

There was some indication that tumors with an 
appreciable proportion of hemocytoblasts were 
more likely to be transplantable and carry an 
active agent than those with only a few hemocyto- 
blasts. Of the 3 tumors having less than 10 per 
cent hemocytoblasts, only one (F1104G) produced 
visceral tumors, and the incidence was low (24 per 
cent); whereas the remaining 8 had a higher pro- 
portion of hemocytoblasts and all except one 
(F355D2) produced a high incidence of tumors. 
The tumor of F355D2 was grossly and microscopi- 
cally similar to tumors of other donors which pro- 
duced a high incidence of neoplasms. 

Duran-Reynals (10) has suggested that the age 
of the host animal is a factor in determining the 
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transplantability of tumors. He concluded that 
transplantation and active filtrates were more often 
obtained with tumors from chickens that were 5 to 
10 months of age than from chickens 1 to 4 or 12 
to 24 months of age. These results were based en- 
tirely on sarcomas since he was unsuccessful in 
obtaining any transplantation of carcinomas and 
lvmphoid tumors (11). 

If the data reported earlier (5) are combined 
with those presented herein and arranged in order 
of ascending age, it wil! be found that tumors from 
the 8 donors 72 to 392 days of age. and those from 
3 donors 742 to 812 days of age. were all trans- 
plantable: whereas only 1 of 5 tumors from donors 
407 to 574 davs of age were transplantable. The 
transplantability of some of these tumors may be 
open to question since only one passage was made 
for part of them (for the remaining. several pass- 
ages were made [5, 7]) and the incidence of tumors 
was low in a few inoculations. 

Although the low number of donors in the oldest 
age group precludes an absolutely reliable predic- 
tion of results in this group. the data do suggest 
that tumors of birds of a certain age range (407 
to 514 davs) are less likely to be transplantable 
than tumors of birds outside this range. These 
results are not in agreement with the general idea 
of Duran-Revnals (10) that tumors are less likely 
to be transplantable when they are from young or 
old hosts: however. his age ranges were much nar- 
rower, since his medium (or active) range (5 to 10 
months) was entirely within the low (also active) 
age range (72 to 386 davs) presented herein. Fur- 
thermore. a significant difference in Duran-Reynals 
low age group (Group III) and the medium age 
group (Group II) is not apparent. Although only 
1 of the 5 tumors was transplanted for 2 passages. 
3 of them produced tumors in the first passage and 
a critical test was not obtained because the number 
of chicks used in most cases was small and in 2 
instances several chicks died “prematurely” or 
“accidentally. More extensive data must be accu- 
mulated before conclusions can be drawn with re- 
gard to the relation between the transplantability 
of naturally occurring chicken tumors and age of 
the tumor-bearing animal. 

Donors used in this study were chosen because 
of the presence of Ivymphomatous tumors in the 
viscera: however. 7 of the 10 donors also showed 
gross or microscopic lymphoid accumulations in the 
peripheral nerves. Three of the 7 donors having 
neurolymphomatosis produced 2 or more cases with 
nerve involvement. 2 donors produced 1 case each. 
and the remaining 2 failed to produce any. Of the 
3 donors with no gross or microscopic evidence of 
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neurolymphomatosis, the recipients of 2 of these 
had two or more cases of neurolymphomatosis and 
the recipients of the remaining donor failed to de- 
velop any cases (Table I). Thus, there is no indi- 
cation of a relation between the presence of lym- 
phoid accumulations in the nerves of donors and 
the presence or incidence of similar alterations in 
recipients, though there is some indication in these 
data that the agent of visceral lvmphomatosis is 
different from that of neurolymphomatosis. A com- 
parison of the effectiveness of cellular and cell-free 
inocula in producing tumors reveals that cellular 
inocula produced an incidence of visceral tumors 
1.7 times greater than cell-free preparations, where- 
as the same cellular inocula produced an incidence 
of neurolvmphomatosis 6.0 times greater than the 
cell-free preparations. Further evidence is found 
in the results obtained with the preparation of 
F404E. The blood of this donor and the cell sus- 
pension of the ovarian tumor produced 4 cases of 
neurolymphomatosis in each of 2 groups of 20 
chicks injected, whereas no cases with visceral tu- 
mors developed, thus indicating that a neurolym- 
phomatosis-inducing agent was present but the vis- 
ceral tumor agent was either absent or present in 
a masked or inactive form. Separate etiology for 
the two manifestations has been suggested or im- 
plied by several investigators (12, 19, 22), though 
conclusive evidence is still lacking. 


SUMMARY AND CONCLUSIONS 


1. The transmissibility of tumors from 10 cases 
of naturally occurring visceral lymphomatosis was 
tested by inoculation of cellular and cell-free prep- 
arations into groups of 13 to 21 day-old chicks. 

2. Lvmphomatous tumors of the viscera were re- 
produced by cell-containing preparations from 8 oi 
the original tumors in 14 to 85 per cent of chicks 
in 93 to 183 days. Similar tumors were produced 
by cell-free preparations from 4 of the original 
tumors in 39 to 94 per cent of the chicks in 183 
davs. None of 41 noninoculated controls developed 
lvmphomatosis during the same experimental pe- 
riod. Thus, tumors of some, but not all, cases of 
visceral lymphomatosis are transplantable, and part 
of these tumors may be transmitted to chicks by 
inoculation with filtrates. The active agent or 
agents appear to be of a size which will allow them 
to pass readily through bacteria-retaining filters. 

3. Of the 10 donors that supplied visceral tu- 
mors, 7 also had gross or microscopic evidence of 
neurolymphomatosis. There appeared to be no 
direct relation between the presence of this lesion 
in the donor and the number of recipients that de- 
veloped neural or visceral lyvmphomatosis. 
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I]. Propagation of Lymphomatosis with Cellular and Cell-Free Preparations 
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INTRODUCTION 

Research on lymphomatosis in chickens has been 
greatly retarded by difficulties experienced in ex- 
perimentally reproducing the disease at a relatively 
high rate. Furth (12, 13), Pentimalli (24), and 
Olson (22) propagated lymphoid tumors by intra- 
muscular transplantation. Although the tumors 
were derived from naturally occurring cases indis- 
tinguishable from lymphomatosis, they were con- 
sidered by the authors as rare or atypical because 
of their transmission characteristics. More re- 
cently, Burmester and Prickett (2) obtained 4 
lymphoid tumor strains from 9 different inocula 
prepared from 6 original donors, thus indicating 
that the procurement of rapidly growing tumors 
from naturally occurring cases of visceral lympho- 
matosis was not difficult. This result was confirmed 
by Brewer and Brownstein (1). | 

Although Lucas (19) has shown a possible means 
of cell transmission from parent to offspring, he 
indicated that there were no data to support this 
idea. It is doubtful that the disease in nature is 
due to transplants. However, it was shown by 
Burmester, Prickett, and Belding (3) that the 
rapidly growing tumor developed by Olson (22) 
contains a filtrable agent or agents which produce 
osteopetrosis and lymphoid tumors of the viscera. 
If similar agents are found in other rapidly growing 
lvmphoid tumor strains, then tumor strains become 
a valuable source of filtrable agents directly asso- 
ciated with visceral lvmphomatosis. 

The purpose of this report is to show that fil- 
trates prepared from tumors of several strains re- 
cently developed from cases of naturally occurring 
visceral lymphomatosis, and propagated with trans- 
plants or with filtrates, produced a high incidence 
of visceral lymphomas indistinguishable from simi- 
lar tumors in cases of visceral lymphomatosis. The 
characteristics of 4 new lymphoid tumor strains 
obtained from cases of visceral lymphomatosis are 
also presented. 


PROPAGATION OF TUMOR STRAINS RPL 18, 19, 20 
AND 21 wiItTH CELLULAR INOCULUM 


Materials and methods.—Donors for the propa- 
gation of the tumor strains were selected from 


groups of birds inoculated with the same strain or 
with material from a naturally occurring case of 
lymphomatosis described by Burmester and Den- 
ington (5). Attempts were made to obtain cases 
which appeared early. Lymphomatous liver tissue 
was used except when otherwise indicated. The 
tissue was pressed through a fine screen and sus- 
pended in 3 parts of 0.85 per cent NaCl solution. 
The suspension was filtered through cheesecloth 
and injected with a syringe and needle into the 
peritoneal cavity of chicks in doses of 0.1 to 0.5 ml. 

Chicks for inoculation were obtained from mat- 
ings of pedigreed White Leghorn chickens main- 
tained in quarantine and used in the genetic study 
of this disease (25). With minor exceptions, they 
were obtained from those matings of line 15 (a 
line classified as partially susceptible to lympho- 
matosis) which were relatively free from disease 
(26). 

Results—Tumors originating from 4 different 
original donors (5) were propagated in serial pass- 
age with cellular material for 5 to 15 passages. The 
origin and type of inoculum and the relation be- 
tween series for each strain are presented diagra- 
matically in Fig. 1. A summary of the transmission 
results obtained with the cellular inocula in serial 
passage is given in Table I. 

Series A of Strain RPL 18 arose with the cellular 
inoculum of the original ovarian tumor of F615S2, 
and series B came from the cell-free preparation of 
the same tumor (Fig. 1). The transmission char- 
acteristics of the two series were very similar. 
Bone and visceral tumors occurred in the first 
passage of both series, after which tumors were 
confined primarily to the liver, spleen, and kidney. 
The tumor incidence was high in all inoculations of 
both series, and the passage interval decreased from 
79 days to 7 to 12 days (series B) and 6 days (series 
A). A similar reduction in the average survival 
period also took place. 

Strain RPL 19 originated with the cell-free prep- 
aration of the ovarian tumor of G124E. After the 
first passage for series A and the second passage 
for series C, all inoculations were made with cellu- 
lar suspensions (Fig. 1). Tumors in series A 
were confined to a lymphoid involvement of several 
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Fic. 1—Diagrammatic presentation of inocula and passages of Strains RPL 18, 19, 20, and 21. C = Cellular, F = 
Cell-free. and b = 2 preparations, p = plasma. 
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made, and birds from several other lines (lines 7, 9, 
11) were used. A greater inherited resistance in 
the latter chicks, or the fact that heterologous 
transplants were made, may account for the low 
incidence; however, it did not appear to affect the 
rate of tumor development. Birds that developed 
tumors died in a short time (average 7 to 11 days) 
and transfers were made in 7 to 9 days. Although 
a high incidence of tumors was obtained in passages 
3, 4, and 5, of Series C, the tumors developed at a 


visceral organs. In series C, in addition to the 
lymphoid involvement, hemangiomas 1 to 2 cm. in 
diameter were found in 3 cases of the third passage. 
The selection of donors without angiomas resulted 
in absence of this characteristic in the fourth and 
fifth passages. The incidence of tumors was very 
high in all passages except the fifth and the sixth of 
series A. The reason for the low incidence in these 
passages may be the fact that chicks of line 15 
were not available at the time these passages were 


TABLE I: SUMMARY OF DATA OBTAINED IN SERIAL PASSAGE OF STRAINS RPL 18, 19, 20, AND 21 WITH CELLULAR INOCULA 








Age of recipients No. with tumors of the Total no. of | Av. survival of Passage 
Passage at inoculation, Number chicks positive visc. cases, interval, 
number days inoculated Bone Viscera Nerve cases days days 
STRAIN RPL 18 (FROM OVARIAN TUMOR OF F615S2) 

Series AT 
1-—C* 1 14 7 5 0 11 70 79 
2-—C 2 18 0 12 2 14 135 146 
3—C 8 7) 0 6 2 8 37 14 
4—C 22 5 0 Ih (0) 5 7 7 
5-—C 15 5 0 5 0 5 5 6 

Series B 
1F* 1 16 10 12 1 15 123 79 
2—C 10 7) 0 8 0 8 79 37 
3-C 12 14 0 11 0 11 24 10 
4—C 22 14 0 13 0 13 14 8 
5-C 30 13 0 10 0 10 30 12 
6-10-C 28-60 39 0 35 0 35 14 7-11 
11-15-C 38-75 25 0 20 0 20 11 8-12 

STRAIN RPL 19 (FROM OVARIAN TUMOR OF G124E) 

Series A 
1—F* 1 15 0 10 1 11 117 81 
2—C 4 9 0 8 0) 8 19 12 
3-C 2 7) 0 Y 0 9 8 7 
4—C 9 8 0 5 0 5 11 9 
5-C 18 5 0 2 0 2 7 7 
6—C 25 5 0 1 0 1 9 

Series C 

3-C (liver) 15 10 0 Ot 0 9 30 . 
3—C (blood) 15 10 0 10 0 10 16 12 
4—C 27 10 0 10 0) 10 16 12 
5-C 39 10 0 7 0 7 20 

STRAIN RPL 20 (FROM LYMPHOMATOUS SPLEEN OF G73602) 

Series A 
1-—C* 1 19 0 14 0 14 51 22 
2-C 8 20 0 14 0 14 51 22 
3-—C 16 15 0 5 0 5 69 16 
4—C 4 12 0 5 0 5 33 11 
5-—C 15 10 0 5 0 5 22 14 
6—8—C 15-24 30 0 14 0 14 22 15 

Series B 

2—C 1 9 Q 8 0 8 21 16 
3-C 4 13 0 11 Q 11 22 11 
4—C 15 10 0 7 Q 7 27 14 
5-—C 15 10 0 6 0 6 27 

STRAIN RPL 21 (FROM LYMPHOMATOUS LIVER OF G736U2) 

1-C* 1 18 11 2 13 97 33 
2-C 5 9 0 4 0 4 31 19 
3-C + 13 0 13 0 13 17 11 
4—C 15 10 Q 9 0 9 17 14 
5—C 15 10 Q 7 Q 7 15 14 
6—8—C 22-35 29 0 22 Q 22 15 7-13 


* Results of the first passage were presented previously (5). 


C= Cellular inoculum, F = Cell-free inoculum. _ 
+ See Fig. 1 for relationship of various series and inocula used for various passages. 
t Three cases developed hemangiomatosis also. 
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slower tate, giving an average age at death of 16 
to 30 days for the 3 transfers. 

Strain RPL 20 originated with the lymphoma- 
tous spleen of G73602. All subsequent passages 
were mide with liver tissue from inoculated birds. 
Series § began with a different donor from series A 
in chicks of the first passage, and was maintained 
separately for four transfers (Fig. 1). Charac- 
teristics of the two series were essentially the same. 
Tumors were confined to the viscera, but were 
somewhat different from tumors of other strains in 
that a considerable amount of fibrosis was present 
in lymphomatous livers. (See section on pathol- 
ogy.) The incidence of tumor involvement in 
Strain 20 was not so great as in other strains, nor 
did it appear to cause the death of inoculated birds 
so rapidly. In series A the highest incidence (74 
per cent) was in the first passage and an average 
of only 47 per cent for the sixth to eighth passages. 
The average survival period varied from a maxi- 
mum of 69 days in the third transfer (series A) to 
21 days in the second passage (series B). Within 
series A the survival period was much shorter in 
the later passages than in the first three. The 
comparatively long survival period for birds im- 
planted with Strain RPL 20 may in part account 
for the greater amount of fibrosis found in livers 
of this avian strain. 

Strain RPL 21 originated with the lymphoma- 
tous liver of G736U2. Except for 2 cases of neu- 
rolymphomatosis, which occurred in the first pass- 
age, the involvement in all other positive birds was 
confined to the viscera. The percentage of birds 
that developed tumors ranged from a low of 45 per 
cent for chickens of the second passage to 100 per 
cent for the third passage, a mean of 76 per cent 
for passages 6, 7, and 8. ‘There was a consistent 
decrease in the average survival period of from 97 
days for the first passage to 15 days for the fifth 
to eighth passages. 


THE PROPAGATION OF STRAIN RPL 19 wITH 
FILTRATES AND CELL-FREE PREPARATIONS 


Materials and methods——Donors used for the 
preparation of cell-free material were chosen on the 
same basis as those used for serial transfers with 
cellular inoculum. Tumorous liver tissue was used 
in the preparation of inocula for serial passage. 
Plasma from birds with tumorous livers was em- 
ployed in supplementary inoculations of passages 
2 and 3. 

The preparation of the inoculum used for the 
first passage (centrifuged extract of the ovarian 
tumor of G124E) has already been described (5). 
Tumor tissue for cell-free inocula used in passages 


2 and 3, was homogenized with 7 parts of 0.85 per 
cent NaCl solution in a Waring Blendor for 12 
minutes. The suspension was then spun in an 
angle centrifuge at 2,600 RPM. The upper two- 
thirds of the supernatant was siphoned into clean 
tubes and recentrifuged. The upper two-thirds of 
the second supernatant was carefully removed and 
used as the inoculum. Plasma used in the same 
passages was obtained from blood of tumor-bearing 
birds; it was separated by a centrifugation proce- 
dure similar to that used for the liver suspension. 

Inocula for other passages in series B, and all 
passages of series D (Fig. 1), except 6, were pre- 
pared in the following manner. The tumorous 
liver tissue was homogenized 8 to 12 minutes with 7 
parts of 0.78 per cent NaCl solution containing 
0.03 M PO, buffer at pH 7.4. The suspension was 
spun in an angle centrifuge at 4,500 RPM. The 
supernatant was then filtered through a regular 
porosity (6 to 9 lbs. air pressure) Mandler candle. 
Filters used for passages 6 and 7, series B; and 
4, 5, and 6 of series D: were tested for their reten- 
tion of Serratia marcescens. All tests were made 
with a heavy suspension of the organism in broth 
and under filtration conditions similar to those used 
for the inocula. They were made either imme- 
diately following. the filtration of the inoculum or 
after the filters had been re-cleaned and sterilized. 
Cultures of the filtrates and the filtrates them- 
selves were sterile after 72 hours incubation: 
whereas heavy growth was obtained in cultures of 
unfiltered broth suspensions. 

The inoculum used for passage 6, series D, was 
prepared in the manner described except that it 
was not passed through a filter. Inoculations were 
made by the intraperitoneal route with 0.5 to 1.0 
ml. into chicks of line 15 described in a previous 
section. 

Results —Transmission results obtained in the 
serial passage of Strain RPL 19 with cell-free mate- 
rial in one complete series, and one partial series, 
are summarized in Table II. In series B, after 
the first passage with cell-free material, a high per- 
centage of birds with lymphoid involvement of the 
liver also had innumerable hemangiomas located in 
the loose connective tissue about the skeletal muscle 
in the subcutis and serosal membranes. Heman- 
giomatosis appeared in chicks of all inoculations 
and passages of series B, except for the first pass- 
age, and those injected with plasma in the second 
passage. There were only 2 cases (sixth passage) 
of angiomas, which did not show gross evidence of 
lymphoid involvement, and several in all passages 
which had lymphoid involvement without gross evi- 
dence of hemangiomatosis. The average incidence 





790 


Cancer Research 





of death from tumors for passages 4 to 7 inclusive, 
series A, was 92 per cent. In the same passages, 
the average survival period varied from 23 to 46 
days with a passage interval of 15, 20, and 34 davs. 


lations. The plasma used in the second and fourth 
passage test was collected from birds with gross in- 
volvement of the viscera by withdrawing blood 
from the heart with a syringe containing 0.4 per 





The purpose of series D was to establish a sub- 
strain without hemangiomatosis. Chicks for pass- 
age 4, series D, were inoculated with the filtrate of 
a hemangioma-free donor (passage 3. series C) 
which had previously been inoculated with a cell- 
suspension of a bird of the second passage, series 
B (Fig. 1). The latter donor also had no gross 


cent solution of heparin, equivalent to one-tenth 
the final volume of blood withdrawn. The blood 
cells were separated by centrifugation and the 
plasma filtered through a Seitz S1 filter pad for 
passage 2, and a Fisher-Jenkins filter for passage 4. 

For the preparation of filtrates, tumorous livers 
were homogenized in a Waring Blendor with 9 


TABLE II: SumMARY OF DATA OBTAINED IN THE SERIAL PASSAGE OF STRAIN RPL 19 with CELL-FREE INOCULA 


Age of No. with Av. sur- 
recipients at tumors of the vival of Passage 
Passage inoculation, No. chicks § ——————— No. with Total no. pos. cases, interval, 
Number Inoculum days inoculated Nerve Viscera hemangiomas pos. cases days days 
Series B 
1 Ovary—H,C* ! 15 10 0 11 117 81 
2 Liver—H,C 4 13 0 6 2 6 62 56 
Plasma —C 4 16 0 2 0 2 86 - 
3 Liver —H,C 4 10 0 10 7 10 54 32 
Plasma — C 4 10 0 8 2 8 59 - 
4 Liver —H,C,F 1 17 0 17 15 17 23 20 
5 Liver—H,C,F 7 18 0 14 16 38 15 
6 Liver —H,C,F 22 19 Q 15 12 17 46 34 
7 Liver —H,C,F 21 19 0 17 11 17 43 
Series D 
4 Liver —H,C,F 1 13 0 12 2 12 39 12 
5a  Liver—H,C,F + 10 Q 8 0 8 28 14 
5b =Liver—H,C,F 4 12 0 11 0 11 40 i 
6 Liver —H,C 4 16 0 14 Q 14 20 11 
7 Liver—H,C 8 14 0 14 0 14 21 13 
* H=Homogenized, C= Centrifuged at 1,700-4,000 RPM, F= Filtered. 


evidence of hemangiomatosis though the inoculum 
from this donor produced 3 cases (Table I) among 
10 birds inoculated. 

Among the chicks of the fourth passage, only 2 
developed hemangiomas; whereas 12 of 13 inocu- 
lated developed lvmphoid tumor and died at the 
average age of 39 davs. Hemangiomatosis did not 
appear in the succeeding 3 passages, but with a 
high incidence of lymphoid tumor development 
(80 to 100 per cent), short average survival period 
(20 to 40 days), and rapid passage (11 to 14 days), 
remained characteristic of this strain. 


parts of buffered saline. The suspension was spun 
in an angle centrifuge and the supernatant passed 
through a preliminary Mandler candle in passages 
2 and 3, and a regular candle in passage 4. 
Strain RPL 20 filtrates were prepared in a simi- 
lar manner. A regular Mandler candle was used 
in passage 3 and the fine grade was used in pass- 
ages 2, 4, and 5. The centrifuged sample tested 
in passage 5 was prepared by recentrifuging the 
first supernatant for 15 minutes at 4,500 RPM. 
The resulting supernatant was then carefully si- 
phoned into a bottle and inoculated into chicks. 
The cell-free inoculum used in Strain RPL 21 
filtrability test was prepared in the same manner as 
the RPL 20 filtrate, using a regular Mandler filter. 
The high speed sedimented inoculum was obtained 
after further centrifugal fractionation. The super- 
natant obtained after centrifuging the tumor sus- 
pension was transferred to Lusteroid tubes and 
spun in an angle centrifuge for 214 hours at 19,000 
RPM (R.C.F.—27,000 g). The supernatant was 
discarded and the small sedimented pellet was re- 
suspended with buffered saline and diluted to 4 
the original volume. The undissolved particles 


ACTIVITY OF CELL-FREE FILTRATES OF STRAINS 
RPL 18, 20, ANpD 21. 


Materials and methods—Birds used to supply 
material for the filtrability tests were typical of 
those that showed advanced lesions of the respec- 
tive strains. with the exception of one donor, 
H1308X. which was used in the third passage test 
of Strain RPL 20 and, in contrast to all other 
donors. showed no gross tumor involvement. 

Plasma and lyvmphomatous liver tissue were used 
as source material for Strain RPL 18 filtrate inocu- 
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were res:imented by spinning for 10 minutes at 
19,000 I: M. The supernatant was then used for 
‘noculatien of chicks. 

All Mandler filters, with the exception of the ones 
used for RPL 18, passage 3; and RPL 20, passage 
2 were icsted for their ability to retain Serratia 
Only the preliminary candle used for 


lum for passage 3, Strain RPL 18 was prepared 
and chicks of lines 7, 11, and 13 (24) were used. 
All inoculations were made into the peritoneal 
cavity in doses of 1.0 ml. for the filtrates and 0.5 
ml. for the cellular preparations. The birds were 
maintained for a period of 186 to 200 days. 
Results —Tumors that developed in the chickens 


marcesceiis. 
TABLE III: RESULTS OF INOCULATING CHICKS WITH CELL-FREE FILTRATES AND CELL-SUSPENSIONS OF 
TuMoRS OBTAINED IN SERIAL PASSAGE OF STRAINS RPL 18, 20, AND 21 
Total no. Av. sur- 
No. with tumor of pos. cases vival of 
Passage No. chicks CC > visc. Cases, 
no. Inoculum inoculated Bone Viscera Nerve No. o days 
STRAIN RPL 18 
Cell-free 
1* Liver —H,CT 16 10 12 1 15 94 123 
2a Plasma — H,C,F 18 0 10 0 10 56 125 
2b Liver —H,C,F 19 1 15 0 15 79 128 
3 Liver —H,C,F 14 0 2 1 2 14 139 
4 Liver —H,C,F 12 1 ) 0 9 75 148 
4 Plasma — H,C,F 6 0 5 0 5 83 128 
Cellular 
2a Whole blood 9 2 4 0 5 56 132 
2b Liver cell susp. 9 0 8 0 8 89 79 
4 Liver cell susp. 14 0 13 0 13 93 14 
STRAIN RPL 20 
Cell-free 
Pooled — H,C 18 0 8 0 8 49 116 
Liver —H,C,F 7 0 0 0 0 0 as 
Liver —H,C,F 12 0 8 0 8 67 141 
5 Liver —H,C,F 15 0 14 0 14 93 154 
6 Liver —H,C 16 0 8 0 8 50 148 
Liver — H,C,F 16 0 10 0 10 63 152 
Cellular 
2 Liver cell susp. 9 0 8 0 8 89 21 
5 Liver cell susp. 5 0 5 0 5 100 18 
6 Liver cell susp. 5 0 5 0 5 100 100 
STRAIN RPL 21 
Cell-free 
1* Liver —H,C 20 0 0 0 0 0 - 
6 Liver —H,C,F 15 11 11 0 13 87 159 
} Rom 13 10 lit 4 13 100 162 
Cellular 
6 Liver cell susp. 8 0 8 0 8 100 15 
NON-INOCULATED CONTROLS 
Group A None 17 0 0 0 0 0 
Group B None 17 0 0 0 0 0 
* Results of the first passage presented previously (5). ; 
+t H=Homogenized, C= Centrifuged at 1,700—4,000 RPM, F=Filtered, P= Purified. 
t One of these had ocular lymphomatosis also. 
the second passage of RPL 18 was found to allow’ were classified with respect to location. A few 


the passage of bacteria. 

Cell suspensions of tumorous livers, used in some 
inoculations to give an indication of their trans- 
plantability, were prepared in like manner as simi- 
lar preparations used in the serial passage of the 
several strains. 

Day-old chicks from matings of line 15 (a lvm- 
phomatosis-susceptible line), which had a relatively 
low incidence of the naturally occurring disease, 
were used in all inoculations except one; chicks 
from this source were not available when the inocu- 


birds developed an enlargement of the peripheral 
nerves typical of neurolymphomatosis, others in- 
oculated with filtrates of Strains 18 and 21 devel- 
oped osteopetrosis. The majority of the birds that 
died had lymphoid tumors in the viscera. Trans- 
mission results obtained with the various prepara- 
tions are presented in Table III. 

The cell-free preparation of the tumor from the 
original donor of Strain RPL 18 (F615S2) pro- 
duced a high incidence of tumors. Of 16 chicks 
inoculated, 10 developed osteopetrosis, and 12. tu- 
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mors of the viscera with an average survival period 
of 123 davs. Two birds that were shown by gross 
examination to have osteopetrosis were the source 
ot blood for passage 2a. The whole blood produced 
osteopetrosis and visceral tumors, whereas the fil- 
tered plasma produced only Ivmphoid tumors of 
the viscera. A bird of the first passage having onlv 
tumors of the viscera was used as the source of in- 
oculum tor passage 2b. The cell suspension pro- 
duced a high incidence of visceral tumors without 
any indication of osteopetrosis, whereas the filtrate 
caused the appearance of bone involvement in one 
case and visceral tumors in 15 of 19 chicks inocu- 
lated. One of the latter, with massive involvement 
of the liver, spleen, and kidnevs, was used as the 
donor for passage 3. This inoculum produced tu- 
mors in only 2 of 14 chicks inoculated; which low 
incidence may have been due to a higher natural 
resistance of the chicks. since sources other than 
line 15 were used. 

Birds of the third cellular passage, series B, 
Strain RPL 18 (Fig. 1), were the source of mate- 
rial used in the inoculation designated as the 
fourth passage. A high incidence of visceral tu- 
mors developed among birds injected with filtered 
plasma, filtered liver extract, and with a cellular 
suspension of the liver. Chicks injected with the 
latter died in 14 davs, whereas those that received 
filtered material died on an average of 128 and 148 
davs after inoculation. Difference in the age at 
death between chicks inoculated with cellular and 
cell-free material was much less in the passage 2b, 
and was absent in inoculation 2a. 

The cell-free preparation of tumors of the origi- 
nal donor of Strain RPL20, G73602, produced vis- 
ceral tumors in 8 of 18 birds inoculated (5). The 
second passage test was made with the lymphoma- 
tous liver of a chicken 43 days after its inoculation 
with a cell suspension of the original donor (Fig. 
1). Of 7 birds inoculated, 2 died from unknown 
causes at 17 and 20 davs of age, and one, G1308X, 
though showing no gross evidence of lymphoid in- 
volvement, was used at 21 days of age as a donor 
for the third passage. The remaining 5 lived until 
the termination of the experiment. The cell sus- 
pension prepared from the same liver produced 
death with tumors of the viscera in 8 of 9 chicks 
inoculated, in an average of 21 days. 

The donor of the third filtrate passage of this 
strain, G1308X, though without gross or micro- 
scopic evidence of tumors, had a number of cells, 
indistinguishable from the typical tumor cell, in the 
sinusoids of the liver and in the myocardium. Fil- 
tered preparations of the liver produced typical 
lvmphomatous tumors in the viscera in 8 of 12 


| 


birds inoculated and the tumorous birds died in ap 
average of 141 davs after inoculation. 

The tumor used for the fifth filtrability test came 
from the fourth cellular passage, series B (Fig. 1). 
The Mandler-filtered preparation produced massive 
lvmphoid involvement of the visceral organs in 14 
of 15 birds inoculated, and death in 154 days: 
whereas cell suspension prepared from the same 
liver produced tumors and death of all birds in 18 
davs. 

For the sixth passage test, tumorous liver from a 
case of the fifth cellular passage, series A, was used 
(Fig. (1). The centrifuged material produced 8. 
and filtered inoculum 10, cases with tumors of 16 
injected with each preparation, with average age 
at death of 148 to 152 days, respectively. The 
cellular inoculum produced tumors in all 5. birds 
and death at an average of 109 days. The indi- 
vidual survival periods were 22, 26, 136. 165 and 
198 days. The same cellular suspension injected 
into another group of 10 birds, 15 davs of age, 
produced tumors in 6 and caused death in 14 to 27 
days (average 21 days). Since cell-free prepara- 
tions from the same tumor produced death in an 
average of 148 to 152 davs, one may infer that the 
neoplastic cells injected into the peritoneal cavity 
of the 3 birds with a survival of 136, 165, and 198 
davs, did not grow into tumors, but the tumors 
found at death in these birds were due to the action 
of the filtrable agent present in the cellular inocu- 
lum. 

The lyvmphomatous liver used as source material 
for the filtrability test of RPL 21 was obtained 
from a bird recently implanted with cell suspen- 
sion of the fifth passage of this strain. The cell 
suspension produced tumors of the viscera in all 
birds and caused their death in 15 days (average): 
whereas osteopetrosis and/or visceral tumors de- 
veloped in a high percentage (87 per cent) of the 
chicks injected with the filtrate. An extract of the 
high speed centrifuged pellet also produced a high 
incidence of osteopetrosis and visceral tumors, but, 
in addition, 4 of the 13 inoculated birds were diag- 
nosed as having neurolymphomatosis and one of 
them had ocular lymphomatosis. The average age 
at death of the latter 2 groups (average of 159, 162 
days) was similar to other groups injected with 
cell-free preparations of Strains RPL 18 and 20. 

Two groups of chicks obtained from the same 
matings, and hatched at about the same time as 
the inoculated chicks, were maintained for the first 
90 days in isolation with other non-inoculated 
chicks of the same source. During the period of 
90 days of age to the time they were killed for 
necropsy, 200 days for Group A and 186 days for 








—— 





1s ROR 


Burmester—Transmission of Avian Lymphomatosis. I] 793 





Group they were maintained with inoculated 
birds. evidence of tumors was found in any 
birds o: cither group. 


Ture V'\) UOLOGICAL CHARACTERISTICS OF TUMOR 
STRAINS RPL 18. 19, 20. AND 21 


The main feature of all strains obtained from 
original donors having lesions typical of visceral 
lvmphomatosis, including those reported earlier 
(2), was a lymphomatous involvement of many of 
the visceral organs. The frequency of tumors, and 
the distribution of the tvpe of involvement in the 


RPL 18, 20, and 21, the tumor involvement was 
primarily extravascular with a few tumor cells 
within the sinusoids and veins. ‘These tumors con- 
sisted primarily of lymphocytes, lymphoblasts or 
hemocytoblasts, and intermediate forms. Cells 
with 2 or 3 nuclei were also found as well as cells 
in various stages of degeneration. 

After implantation with tumor cells the birds 
usually exhibited a gradual decrease in the number 
of lymphocytes in the circulating blood. In_ the 
terminal stages there was a sharp rise in the num- 
ber of lymphoblasts, hemocytoblasts, and degener- 


6 organs most often found grossly tumorous, are ated forms. Chickens with tumors produced by 


TasBie IV: GRossty VIstBLE FocAL AND DIFFUSE INVOLVEMENT OF THE VISCERA AFTER 
INOCULATION WITH CELLULAR OR CELL-FREE PREPARATIONS 
Percentage of lymphomatous organs in positive cases 
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No. of Mesentery or 
visceral Liver Spleen Kidney Gonad Pancreas Peritoneum 
positive 

cases focal dif. focal dif. focal dif. focal dif. focal dif. focal dif. 

STRAIN RPL 18 
Cellular pas., Series .\ 28 29 7 28 46 25 25 3 33 7 25 39 0 
Cellular pas., Series B Q7 39 58 14 68 11 20 10 18 7 15 21 7 
Filtrate inoculations 41 43 50 34 61 7 25 0 12 Q (0) 0 2 
STRAIN RPL 19 
Cellular pas., Series A 24 29 70 12 62 4 50 12 (0) 17 4 0) 0 
Cellular pas., Series C 41 15 80 5 71 0 22 2 7 0 3 7 5 
Filtrate pas., Series B Q] 9 89 2 80 0 13 11 9 1 1 15 2 
Filtrate pas., Series D 53 30 70 § 85 0) 6 4 0) 0 0) 0) 0) 
STRAIN RPL 20 
Cellular pas., Series A 43 53 37 28 28 40 28 21 26 13 0 18 0 
Cellular pas., Series B 30 44 53 3 67 23 40 27 13 10 0) 3 0 
Filtrate inoculations 41 35 61 37 54 34 56 5 39 0) 2 0 5 
STRAIN RPL 21 
Cellular pas. 50 40) 60 12 74 32 28 6 41 6 10 = 12 6 
Filtrate inoculations 20 70 25 25 70 65 25 5 25 5 15 10 20 


presented in Table IV. In all the series of inocu- 
lations for the 4 strains, the liver was most often 
tumorous, followed closely by the spleen, and then 
by the kidney and gonad. At necropsy, the paren- 
chymatous organs appeared to be diffusely involved 
in the majority of cases; however, upon micro- 
scopic study, most of these tumors were found to 
be made up of small focal areas. The localization 
of tumor tissue in areas of about 0.5 mm. to 10 
mm. in diameter occurred frequently and was the 
predominant finding in the liver and spleen of birds 
in some inoculations. 

Osteopetrosis similar to that described by Jung- 
herr and Landauer (16): and Burmester, Prickett, 
and Belding (3) appeared in certain of the filtrate 
inoculations of Strains RPL 18 and 21. A large 
amount of necrosis with ensuing fibrosis was noted 
in tumorous livers of Strain RPL 20, a smaller 
amount in RPL 21, and only occasional evidence 
of this process was seen in Strains RPL 18 and 19. 

In the livers of birds inoculated with Strains 


filtrates usually had a slight decrease in the num- 
ber of lvmphocytes in circulation with a mild but 
definite rise in granulocytes and hemocytoblasts. 

The main characteristic distinguishing Strain 
RPL 19 from other lymphoid tumor strains is the 
location of the tumor cells principally within blood 
vessels, resulting in a diffuse distribution of the 
tumor tissue. The tumor consisted primarily of 
hemocytoblasts with many intermediate lympho- 
cytic and granulocytic forms. A second feature of 
Strain RPL 19 was the high incidence of hemangio- 
matosis that occurred in one series of filtrate pass- 
ages of this strain. The hemangiomas appeared to 
be of the cavernous type and were located primarily 
in the loose connective tissue. With two exceptions, 
all chicks with hemangiomas also had grossly vis- 
ible tumefaction of one or more of the visceral 
organs. 

DISCUSSION 

Transmissibility—Several transplantable avian 

lvmphoid tumor strains have been described (1. 2. 
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L2. 22). Wath the exception ot the results ob 
tained by Duran-Revnals (8), whe was unable to 
transplant anv oot tT?) tumers trom 
cases of visceral Ivmphomatosis, the more recent 
work tndicates that the procurement of highly ma 
hgnant Iwmphoid tame ditheullt, 
Burmester and Prickett (2) obtained transplants 
with tumors trom 4 of © original donors and were 


successtully 


Stralas os not 


able to propagate strains originating from 3 ditter 
ent cases of visceral lvmphomatosis, Ina 
tumors trom S ot visceral 
ivmphomatosis were successtully transphinted, Re 
sults of propagating 4 of these tumors in serial pass 


later 


SCTICS is) ae CASS ot 


Che inet 
survival pertod, and 
passage interval atter the first few transters, were 
sunilar to these obtained with the tumor Strains 
RPL 14. 15. lo. and 17 reported on previously (2). 
t would appear that when cellular preparations of 
tumors, obtained after the first few passages, are 


age have been presented in this report, 


dence of tumors, average 


injected into chicks 2 to 75 days of age. a high 
incidence of tumors may be expected within a 
period ot 4+ weeks. It should be recognized that 
almost all results reported herein are based on in- 
oculations in one inbred line of chickens (line 15). 

Until recently there was little evidence of the 
presence of filtrable agents in lymphoid tumors. 
Burmester and his associates (3. 6) demonstrated 
the presence of and propagation in serial passage 
of a niltrable tumor-inducing agent in a lymphoid 
tumor strain. However, the significance of these 
hindings relative to the transmission of visceral 
lvymphomatosis was questioned by some because of 
the following considerations. Although the donor 
originating this tumor strain had all the charac- 
teristics of a case of visceral lymphomatosis (lvm- 
phocyvtoma) it was not diagnosed as such by the in- 
vestigator (22) and it was thought that the re- 
sulting transplantable strain was an unusual one 
(23). In addition, the tumor had been trans- 
planted more than 200 times in chickens, some of 
which may have been harboring concurrently one 
or more disease agents. 

Significant evidence that filtrable tumor-inducing 
agents were present in cases of naturally occurring 
visceral lvymphomatosis was presented by Bur- 
mester and Denington (5). They found that cell- 
free preparations. from 5 of 10 such cases tested, 
produced similar tumors in chickens injected by 
the intraperitoneal route. The tumor from another 
(G736U2) of the 10 original cases was later found 
to carry an active filtrable agent (Table IIT). 

More conclusive evidence of the filtrability of 
the agent or agents in lymphoid tumor strains re- 
cently derived from cases of visceral lymphomatosis 


i 


was obtained with Strains REE TS. 20. and 27 
Phe reasons tor the omission of results with Sttain 
RET, 18 trom evidence for the transmisston ot lyn. 
Phomatosis by a tiltYable agent are presented later 
mn othis section, ATL strains propagated by eel) 
transphintation were found te liltrable 


agentoor agents maducing a high inetdence ot lyr. 


Carry oa 


Phomatous tumors of the viscera madistinguishable 
from tumors tn naturally: occurring visceral iva 
Phomatosts, 

Vartability in actioity and mantlestation, Vhere 
was some varnition in the activity of these tiltrates. 
In the third-passage tiltvability: test of Strain RPL 
IS. only 2 ot Td clicks developed visceral tumors, 
whereas the incidence was high in the tirst, second. 
and tourth different 
genetic lines of chicks for the third passaye test 


passage fests, Phe use ol 
may possibly account for this difference, however 
it does not explain the variation obtamed with 
strains RPL 20 and 21, since only line TS chicks 
were used for all inoculations with 
Miltrates and cell-tree preparations of Stram RPL 


these strains. 


20 tumors induced a high incidence of neoplasia 
In passages 1, 3, 5, and 6, but in passage 2, none 
of 7 birds injected with Mandler filtrate developed 
tumors. ‘That the tumor was highly malignant is 
indicated by the result that 8 of 9 birds that. re- 
ceived the cell suspension died in an average of 21 
davs with visceral tumors. No evidence of neo- 
plasia was found in 20 chicks injected with a cell- 
free preparation of the tumor originating Strain 
RPL 21, but filtrates prepared from tumors of the 
fifth cellular passage of this strain produced a high 
incidence of visceral tumors and osteopetrosis. 

This variation in activity of filtrates from lym- 
phoid tumor strains may be due to a variation not 
only in the amount and virulence of the agent but 
also to a variation in the presence or activity of a 
“neutralizing” or ‘masking’ agent. It has been 
amply demonstrated that the Rous tumor virus 
may be completely neutralized by an antibody-like 
agent which may be separated by centrifugation (7, 
8, 20). A similar phenomenon apparently oper- 
ates with the Shope papilloma virus (11. 17, 18) 
and has been suggested as a possible explanation 
for the variation in transmission obtained with tu- 
mor filtrates of different cases of naturally occur- 
ring visceral lymphomatosis (5). 

The high speed centrifuged fraction of Strain 
RPL 21 tumor produced a higher incidence (100 
per cent) of tumors than did the inoculum filtered 
through a Mandler candle (incidence of 87 pet 
cent, Table III). These results indicate that an 
appreciable amount of the active agent was sedI- 
mented by the centrifugal speed used. Similar re- 
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sults © been obtamed (4) with the Ivinphoid 
{ue “EL REI re Lhe occurrence of do cases 
ol me oh naphoma tosis among the ba chickens in 
oculato with centrifuged sediment, while there 
were bone among FS tected with the filtrate, is 
dithieuli te explain 

Vvcoation in the type otf tumors obtained upon 


inoculation with cell-tree preparations was alsa a 
promient feature of tamer strains reported herem 
Lo inel incidence oat osteapettasts was obtained 
after cnoculation with cell-free preparations — of 
Strap REE ES Ctiest passage) and Stram RPE 21 
One case appeared im another 
strain (RET 18, test passage), 


(sixth passage ) 
A signitteant mes 
dence ot neurolyvayphomatosis was obtained tin only 
one thoculation, Of the Ta echieks wyected with the 
high speed sedimented traction of Strain RPL 21 
(Table TTL). 4 developed svimptoms and gross: le 
sions typieal ot neurolyimphomatosis, whereas none 
of a total of 34 control chicks of the same stock 
developed: similar sviaptoms or lesions, 

Phe primary characteristic of the 4 strains was 
the occurrence ot a ligh incidence of visceral tu 
mors, The tumor tissue of Strains RPL TS, 20, 
and 21, was located extravascularly, whereas that 
of RPL 19 was located primarily, intravascularly, 
Fumor tissue ino the liver otf the original donor 
(Gl24k) of Strain RPL 19 was located primarily 
extravascularly with some indication of endothelial 
activity. and the presence of a few tumor cells in 
the sinusoids (5). The recipients of the first pass- 
age showed a wide variation in the location. of 
tumors, from those primarily extravascular to those 
mostly intravascular. In all subsequent passages 
of Strain RPL 19, including the cellular and cell- 
free series, the neoplastic cells were located pri- 
marily within the formed vasculature of all tumor- 
ous organs. This characteristic distinguishes _ it 
from tumors usually found in visceral lyvmphoma- 
tosis (10, 15) and from other lymphoid tumor 
Strains RPL 12, 14, 15, 16. 18, 20, and 21 (2, 22). 

The “latent” or incubation period of filtrates of 
Strain RPL 19 was found to be much shorter than 
that for similar preparations of other strains. When 
cellular inoculum of any of the 4 strains was used 
the tumors developed in a short time and death 
occurred early (Table 1). This was particularly 
evident after a few passages in series. The average 
survival period of birds that died with visceral 
tumors after having been inoculated with filtrates 
of Strains RPL 18, 20, or 21, was much longer 
(Table I11l—average of 128 to 162 days) than for 
the chicks in the cellular passage of the same strains 
(Table I—average of 5 to 27 days for later pass- 


ages). These results are in agreement with those 
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reported earher (4, 6) for the Tvinphoid tamer 
Strato RPE 12, but are in contrast with those ob 
famed with REPL be 
duced death with tumors in-oa much shorter time 
(271 to 44 days tor the later passages, Table TD). 


" 
hiltrates of this strain pro 


Phe period was only about twice as long as. for 
cellular tneculum, in comparison with about LO 
times for the other strains 

Phe relatively short “latent” of incubation period 
of filtrates of Strain RPL 19 and the totravaseubas 
location of tumor tissue, are features usually asso 
chited with the easily transmissible erythrogranulo 
blastosis, Although most of the tumor was made 
up primarily of hemoeyvtoblasts with intermediate 
Iwinphod forms, immature cells of the erythrocyte 
and granulocytic series also were seen in the tumor 
and peripheral circulation, Because of these chat 
acteristics one may suggest that at least one of the 
agents of this strain is similar to the transmissible 
agent of fowl leukosis described by many investi 
(See review of Olson, [21] ). 
The occurrence of hemangiomatosis in tumor 


Palors, 


strains derived from cases of visceral lymphoma 
tosis appears to be unusual. Its occurrence at such 
a high rate has thus far not been reported. No 
evidence of it was found in’ chickens inoculated 
with the several RPL tumor strains described ear 
lier (2) and of the strains described in this report. 
only one bird aside from those inoculated with 
Strain RPL 19 developed hemangiomas. These 
tumors appeared in the birds of several inoculations 
Their 
incidence was increased to a high percentage in a 
series (A) of passages made with filtrates prepared 
from tumorous livers of donors having heman- 
giomas. In another series (B) the occurrence of 
angiomas was eliminated in 3 passages made with 
filtrates prepared from tumorous livers of donors 
without evidence of angiomas (Table II). In both 
series almost all birds had a lymphoid involvement 
of the viscera, primarily the liver and spleen. Furth 
(12, 13) obtained endotheliomas with myelocyto- 
matosis or hemocytoblastosis after inoculation with 
filtrates of his Strain 2. Since hemangiomas also 
are due to a neoplastic proliferation of the endo- 
thelium, it may be suggested that agents of Strain 
2 and of RPL 19 producing endothelial tumors 
were similar, if not identical, though there are con- 
sistent morphological differences which are not ac- 
counted for by this simple explanation. Furth 
thought that the various manifestations which he 
obtained with Strain 2 were due to a single agent. 
Results obtained with Strain RPL 19 indicate that 
the tumor originating this strain contains several 
tumor agents or variants. Manifestations of an 


of the second passage of the latter strain. 
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intravascular Iwmphoid leukosis agent, though not 
evident in the original donor, appeared in the first 
passage and was a dominant feature in all other 
inoculations. Manifestations of a filtrable heman- 
giomatosis agent appeared in the several passages 
and were increased (series A) and decreased (se- 
ries B) by selection. Since the original donor ap- 
peared to be typical of visceral Iwmphomatosis, 
and a filtrable agent that reproduces extravascular 
Ivmphomatous tumors has been demonstrated in 
similar tumors of visceral Iywmphomatosis, the origi- 
nal tumor of RPL 19 mav also have contained a 
similar agent but one of low virulence or one that 
was partially “neutralized.” 

The occurrence of osteopetrosis and neurolym- 
phomatosis only in certain strains and certain in- 
oculations, together with the results obtained with 
Strain RPL 19. would favor the view that the vari- 
ous forms of the avian leukosis complex (14) were 
caused by different agents rather than bv a single 
multipotential agent. Changes in a parent agent, 
as by mutation, may also be suggested as an ex- 
planation for the transmission results that have 
been reported here and elsewhere. 

The variation in pathological manifestations (vis- 
ceral lvmphomatosis [extravascular]. intravascu- 
lar lymphoid leukosis. neurolvmphomatosis, osteo- 
petrosis. hemangiomatosis) and transmission ob- 
tained in inoculations with cellular and cell-free 
preparations of tumors from cases of naturally oc- 
curring visceral lvmphomatosis (3) and in subse- 
quent serial passage inoculations would suggest that 
a variety of agents or variations of the “parent” 
agent were present in the original tumor. The pos- 
sibility that contaminants were acquired during 
some of the passages is not very likely since the 
variations were obtained within a few passages of 
the original donor, the birds were maintained under 
quarantine. and aseptic technic was used when 
handling the inoculum. 

If several agents were present in the original 
donor. part of these must have been ‘“‘masked” or 
present in an inactive form. since the original do- 
nors showed evidence of only visceral lymphomato- 
sis or. in addition. gross or microscopic lesions typi- 
cal of neurolymphomatosis. That some or all of 
the agents were present in an inactive or ‘“‘masked” 
form has already been suggested in this report and 
elsewhere (5). Thus evidence has been presented 
suggesting that many cases of naturally occurring 
lvmphomatosis, though showing only one form of 
the disease, may carry several tumor agents, any 
number (possibly all) of which may be in ‘‘masked”’ 
or inactive form but under favorable circumstances 
may become visible. 


SUMMARY AND CONCLUSIONS 

|. The characteristics of 4 tumor strains, RPT, 
IS, 19, 20, and 21, recently developed from cases 
of naturally occurring visceral lyvmphomatosis, were 
studied during their serial passage with cellular 
Inoculum and in numerous passages with filtered 
preparations. 

2. The injection of cellular suspensions into the 

peritoneal cavity of chicks 2 to 75 days of age pro- 
duced regularly a high incidence of the disease with 
a lvmphomatous involvement of the liver, spleen, 
kidney and other organs of the viscera. The tu- 
morous birds almost invariably died within 4 weeks 
and passages were made in 5 to 15 davs after 
inoculation, 
3. ‘Tumor preparations or plasma from = tumor- 
bearing birds, rendered cell-free by centrifugation 
or filtration through bacteria-retaining filters, also 
produced a great number of cases with visceral 
tumors. None of the 34 non-inoculated controls 
developed tumors during the experimental period 
of 200 days. 

4. The tumor cells in cases of Strains 18, 20, 
and 21, similar to naturally occurring visceral lvm- 
phomatosis, were located primarily extravascularly 
and filtrates of these strains had a comparatively 
long latent period (average survival period of 116 
to 162 days). 

5. In addition to the visceral tumors, cell-free 
preparations of Strains RPL 18 and 21 also pro- 
duced osteopetrosis in 4 of 7 inoculations in pro- 
portions of 5 to 77 per cent. 

6. The tumor cells in cases of Strain RPL 19 
were located primarily within blood vessels, and 
filtrates of this strain had a comparatively short 
incubation period, features usually associated with 
transmissible erythrogranuloblastosis. 

7. In addition to the visceral tumors in birds otf 
Strain RPL 19, the occurrence of hemangiomatosis 
was increased to 88 per cent in one series of pass- 
ages and was reduced to zero in other series by the 
selection of appropriate donors. 

8. Conclusive evidence is presented to show 
that tumors of visceral lymphomatosis may be re- 
produced by material which will readily pass 
through bacteria-retaining filters. This agent or 
agents may be propagated in serial passage by the 
inoculation of healthy chicks with cellular or cell- 
free preparations. 
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Since the nrst description of spontaneous mast 
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quent studies have been concerned with the mor- 
phology and behavior of the neoplastic mast cells 
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was also used on all tissues, 
subse- — for 
fresh and formalin-tixed tissue (7). 
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The M-Nadi reagent 
“stabile” evtochrome oxidase was applied te 
Alkaline phos- 
phatase was demonstrated by Gomori’s method (§ 
and acid phosphatase by Wolf, Kabat and New- 





these tumors have demonstrated considerable quan- 
tities Of an anti-coagulating substance that is pre- 
sumably heparin (10). 
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Che present study demon- 
presence of lipids, cytochrome oxidase. 
} acid and alkaline phosphatases in normal and 
tumor mast cells and of tumor mast cells grown 
tissue Culture for several weeks. 
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mans modification (12) of Gomori’s method (6). 


RESULTS 
VPable | summarizes the enzyme and lipid con- 
tent found in uncultured normal and tumor mast 
cells, and in tumor mast cells cultivated 777) offre 


The phosphatases were present in the form of cvto- 


AL OBSERVATIONS ON NorwaAt anp PumMor Mast Cretts or Dogs 
SUBSTANCES DEMONSTRATED IN CELLS 
\ik C \cid “Stabile” evto 
shos} ist phosphatase chrome oxidase Lipids 
As cvt SITIIA l \s cvtoplasmic In \s evtoplasmi In mast 
Mas : eri es icleus vranules nucleus vranules yranules 
Normal cells xX eee X ees X X 
not cultured (Fig. 1) (ig. 3) (lig. 35) 
I NOF Ce ls X 4 X \ \ X\ 
t cuitu re 
Tumor cells >. 1 xX xX X X X 
cultures litre (Fig. 2) (Fig. 2) (Fig. 4+) (Fig. 4) (Fig. 35) 
METHODS 


Normal tissue mast cells were examined in sec- 
tions of rectum and in whole mounts of mesentery 
obtained from healthy dogs. The tumor mast cells 
were obtained from a solitary benign mastocvtoma 
located in the subcutaneous tissue of a dog. Im- 
prints were made of the fresh tumor and stained 
with Wright-Giemsa. Tumor fragments’ were 
planted in 1 drop of chicken blood plasma, 2 drops 
of dog serum and 1 drop of chick embryo extract 
for cultivation im vitro. The cultures were fixed 
in toto and not removed from the cover glass. thus 
avoiding disturbance of the delicate new cells radi- 
ating into the culture medium. 

The lipids were studied in tissues fixed in formol- 
calcium-cadmium, stained with Sudan IV _ and 
Sudan Black B according to the procedure of Baker 
(1). The Smith-Dietrich test for phospholipids 
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cil. 
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plasmic granules; however, it was difficult to ascer- 
tain whether or not these corresponded to the mas‘ 
granules. Some cultured cells contained a_para- 
nuclear granule-free area (11). When stained tor 
acid phosphatase this region revealed a delicate 
black reticulum (Fig. 4) which is suggestive of the 
Golgi apparatus revealed in other tissue cells (3. 4 
when they are stained for phosphatases. 


DISCUSSION 


The observations in Table I reveal that both 
normal and tumor mast cells contain acid and alka- 
line phosphatases in their cytoplasm (Figs. 1-4). 
In tumor mast cells, however, both enzymes were 
found in the nucleus as well (Figs. 2, 4). In nor- 
mal mast cells of the rat, Noback and Montagna 
(9) demonstrated alkaline phosphatase only in the 
cytoplasm. The cultured tumor cells evidenced 
phosphatase content identical with the original tu- 
mor cells, indicating that the former maintain their 
phosphatase constituents despite the changes in 
cell morphology which occur in tissue culture. 

Controversy exists concerning the lipid character 
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Fic. 1—Normal mast cells from the interstitial tissue of 
the anal sacs of dog. Alkaline phosphatase reaction re- 
stricted to the cytoplasm. Counterstained with paracar- 
mine. Mag. & 970. 

Fic. 2—Tumor mast cell cultured for 4 weeks in vitro 
With strong alkaline phosphatase reaction in the nucleus 
and in the cytoplasm. Mag. 970. 


of the mast granules of normal mast cells (8). In 
our material, Sudan black B revealed lipid granules 
in all categories of mast cells examined (Fig. 5). 
Sudan IV, however, gave negative results. The 
distribution of the lipid droplets appeared to coin- 
cide both qualitatively and quantitatively with the 
distribution of the mast granules. Excellent stain- 


Fic. 3—Normal mast cell from the interstitial tissue of 
the anal sacs of dog demonstrating acid phosphatase re- 
action confined to the cytoplasm. Counterstained with 
paracarmine. Mag. 970. 

Fic. 4—Tumor mast cell cultured for + weeks in vitro 
showing strong acid phosphatase reaction in both the nu- 
cleus and cytoplasm. The structure adjacent to the nucleus 
is probably the Golgi apparatus. Mag. 970. 


ing of the lipid granules were obtained despite pre- 
vious immersion of the tissues in alcohol, acetone. 
chloroform, and other lipid solvents at 60° C. for 
48 hours. When mast cells fixed in Baker’s tormol- 


calcium-cadmium are stained by the Smith- Dietrich 
method, vaguely distinguishable black granules can 
be seen in the cytoplasm. 


These tacts give pre- 








Cancer Research 





Fic. 5—Normal mast cell (inset) from interstitial tissue 
of the anal sacs of dog depicting lipid granules. Sudan 
black. Mag. x 440. 

The larger cell with tenuous processes is a cultured tu- 
mor mast cell with lipid granules. Sudan black. Mag. 
440. 

Fic. 6.—Imprint preparation of tumor mast cells stained 
with Wright-Giemsa. Mag. * 970. This cell type in vitro 


sumptive evidence that the lipid substances in the 
mast cells of the dog consist of lipins. 

Opinions differ concerning the presence or ab- 
sence of oxidase in the mast cell granules (8). In 
our material, “‘stabile’ cytochrome oxidase was 
demonstrated in the mast granules of uncultured 





resembles morphologically those depicted in Figs. 2, 4, 5, 7 
and 8. 

Fic. 7—Living unstained tumor mast cells cultured 6 
weeks in vitro, Mag. * 440. 

Fic. 8—Tumor mast cells cultured 6 weeks in vitro; 
with large cytoplasmic granules. Iron hematoxylin. Mag. 
x 970, 


normal and tumor cells. and of cultivated cells 
in vitro. 
SUMMARY 


Histochemical studies of normal and tumor mast 
cells. and of tumor mast cells cultivated im vitro 
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reveal that the mast cells in all these categories 
contain lipids, cytochrome oxidase, and acid and 
alkaline phosphatases in their cytoplasm. The 
tumor cells, in addition, contain alkaline and acid 
phosphatases in their nucle. 
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The metabolism of 3,4-benzpyrene in fowls, rats 
and mice has been outlined by Peacock and his co- 
workers (12. 9. 5) and during subsequent vears 
these and other investigators (1-3, 6-8, 10, 13-15) 
have succeeded in identifving different metabolites 
of 3.4-benzpvrene. 

In this laboratory an opportunity has been af- 
forded of investigating roughly the metabolism of 
3,4-benzpyrene in a human being. It has not been 
possible to perform a complete quantitative anal- 
vsis. partly on account of the considerable varia- 
tion both quantitatively and qualitatively in the 
content of interfering substances as a result of the 
patient’s intake of food and medicine, and partly 
because the amount of excretion made purification 
and part-isolation impossible in a reasonable time. 
The 3,.4-benzpvrene used in this investigation was 
synthesized by Professor H. Lund, of the Univer- 
sity of Aarhus. 


MATERIAL AND METHOD 


The patient was a 33 year old man, suffering 
from myeloid leukemia; he was treated according 
to Engelbreth-Holm and Stamer (11). Over a 
period of six weeks 5 injections were given amount- 
ing to a total of 4.6 gm. of 3,4-benzpyrene—1 in- 
jection of 600 mgms. and 4 injections of 1 gm. 3,4- 
benzpyrene suspended in 100 cc. of 2 per cent 
Postonal-water. Each injection lasted approxi- 
mately 3 to 5 minutes. The patient weighed 70 
kilos. The excretions were kept in darkness and 
collected morning and evening. 

Urine—This was shaken for 2 hours with a 
double volume of benzene, after which the benzene 
was dried over sodium-sulphate and passed through 
a column (255 cm.) of aluminum oxide. After 
development with pure benzene 3 main zones were 
seen in ultraviolet light: At the top a light vellow 
zone (A): below this and moving slowly down- 
wards, a slightly darker vellow-green zone (B) and 





* Holder of a scholarship from The Lady Tata Memorial 
Trust. London. This investigation was supported by grants 
from the Anders Hasselbalchs Leukaemi-Fond, the Kong 
Christian den Tiendes Fond, and the Landsforeningen til 
Kraeftens Bekaempelse. 


at the bottom of the column and moving out into 
the filtrate a bluish violet zone (C). 

Atter cutting and repeated chromatography, zone 
A, dissolved in ethanol, showed only non-character- 
istic absorption. (All absorption measurements 
were carried out on a Beckman photo-electric Spec- 
trophotometer). Zone B, after cutting and repeated 
chromatography and, finally, dissolution in ethanol, 
showed a strong blue fluorescence, which became 
more greenish after the addition of alkali. The ab- 
sorption spectrum for zone B is given in Fig. 1, A. 
The graph, which represents the average of 10 
single determinations, shows maxima at 361, 380, 
395 and 418 mu. 

The benzene filtrate containing zone C was evap- 
orated to dryness under reduced pressure in a N>- 
atmosphere. The absorption curve for this zone 
showed the presence of unchanged 3,4-benzpyrene. 

Zones B and C were present in the chromato- 
gram of urine 3 hours after injection; the zones 
were most pronounced for 1 to 2 days after the 
injection, but had nearly disappeared in 4 or 5 
davs. It was not possible, judging from the chro- 
matogram, to see any difference in the relative dis- 
tribution between the two zones. 

The shaking with benzene did not remove all the 
fluorescent material from the urine, neither did 
continuous extraction with ether for 72 hours. 
Therefore, shaking with benzene being the more 
convenient, this method was used. 

Feces —These were extracted with acetone until 
the extract was only slightly yellow, then the ace- 
tone extract was concentrated to approximately a 
tenth of the volume under reduced pressure and in 
a No-atmosphere. After adding 500 cc. 1 N HCl, 
the solution was kept at 100° for 15 minutes with 
a current of N» passing through it. After cooling, 
the mixture was extracted with benzene, dried with 
sodium-sulphate and passed through a column (25 
<5 cm.) of aluminum oxide. It was then devel- 
oped with pure benzene. 

In ultraviolet light a brownish black zone 2 to 
3 cm. wide was seen at the top and just below this 
a yvellow-greenish zone, which moved slowly down- 
wards during the development. This zone exhib- 
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Fic. 1—A = absorption spectrum of eluate from yellow 


zone from urine. B = absorption spectrum of eluate from 


vellow zone from feces. 


ited, after repeated chromatography, a_ bluish 
fluorescence in ethanolic solvents but changed color 
after the addition of alkali. The absorption curve 
for this zone is given in Fig. 1, B. The graph rep- 
resents the average of 12 separate determinations, 
and illustrates maxima at 362, 381.5, 402 and 425 
my. As in urine, a bluish zone was seen moving 
downwards and into the filtrate. The presence of 
unchanged 3,4-benzpyrene was detected in this 
zone after purification by repeated chromatography. 

Beneath the yellow zone a reddish fluorescence 


sometimes appeared, which red zone moved down- 
wards more quickly than did the yellow one, and 
was present only when the feces had remained 
rather long in the bowels. On one occasion the 
patient was constipated for 3 days after an injec- 
tion. After a water enema the patient defecated 5 
times in the next 12 hours. In the chromatogram 
of the first defecation a broad, very intensive red 
zone was seen: in the chromatogram of the next 
two the red zone was narrower, and in the chro- 
matogram of the last 2 defecations no red zone 
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Fic. 2.—Absorption spectrum of eluate from red zone 


from feces. 


was visible. Both the yellow and blue zones were 
present in all 5 defecations. Fig. 2 represents the 
absorption curve of the red zone dissolved in etha- 
nol. The blue fluorescent filtrate showed the pres- 
ence of unchanged 3,4-benzpyrene. 

Blood.—Five cubic centimeters of blood taken 3 
hours after injection were immediately extracted 
with 25 cc. of acetone and treated as described 
under Feces. In the chromatogram a very narrow 
vellow fluorescent zone and a very broad blue fluo- 
rescent zone were noted. Following repeated chro- 
matography, the absorption curve from the blue 
zone indicated the presence of unchanged 3,4-benz- 
pyrene. After evaporation of the eluate containing 
the yellow zone, the residue gave a positive ninhy- 
drine test. 

A further 5 cc. of blood was taken 3 hours after 
injection but not extracted with acetone until 6 


hours later. In other respects it was treated in the 
same way as the first 5 cc. In this chromatogram 
there was a distinctly broader vellow fluorescent 
zone than in the first. 

Skin fluorescence.—Before, during. and follow- 
ing an injection the fluorescence of the skin was 
examined spectroscopically. Fig. 3 shows the pho- 
tometer tracings of (a) pure benzpyrene, (b) the 
fluorescence of the skin 1 hour after injection (c, 
d, and e) the fluorescence of the skin 2'4. 6 and 25 
hours after injection, the last-named being identical 
with the fluorescence of the skin before the injection. 
As it will be seen, metabolites of 3.4-benzpyrene 
are not detectable in these fluorescence spectro- 
grams. 

Organs.—The patient died from his leukemia 10 
days after the last injection and the organs were 
removed 12 hours after death. No “foreign” 
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Fic, 3.—Photometer tracings of fluorescence spectra of 


(A) pure 3,4-benzpyrene, (B) skin 1 hour after injection, 


(C) skin 2% hours after injection, (D) skin 6 hours after 


fluorescence was noticed by macroscopic inspection 
in ultraviolet light in the brain, lungs, spleen, liver, 
kidneys and fat. In the purified acetone extract 
(treated as described under Feces) no absorption 
curve characteristic of 3,4-benzpyrene or of its 
derivatives was obtained. 

Photosensitivity—The eluate from the vellow 
zone from urine and feces shows, as described by 
numerous other investigators, a marked instability 
towards ultraviolet light. To establish a numeri- 
cal expression for this photosensitivity a sample 
of the ethanolic eluate from the vellow zone of 
feces and a benzpyrene solution (ethanolic) with 
approximately the same extinction value at 385 mu 
as had the eluate at 381.5 mp, were exposed simul- 
taneously and at the same distance to the light of 
a super high-pressure water-cooled mercury lamp 
and the decrease in extinction values at 381.5 and 


427 436 


455 510 my 


injection, (E) and skin 25 hours after injection (identical 
with fluorescence spectra of skin previous to injection). 


3385 mp were measured. Fig. 4 shows the decrease 
in extinction expressed as a percentage of the origi- 
nal extinction. 

As stated before it was not possible to perform 
a quantitative analysis, but to obtain a rough idea 
of the amount of metabolites excreted, a calcula- 
tion, adopting the extinction 1.0 in a cell 1 mm. in 
length, corresponding to the amount of F deriva- 
tives obtained from 0.01 mgm. 3,.4-benzpyrene, as 
given by Weigert and Mottram (14). was carried 
out on all the purified extracts obtained from feces 
during the first 5 days after injection. It was not 
possible to obtain any characteristic absorption 
from the crude acetone extracts. The result was 
that F derivatives corresponding to 168 mgm. 3,4- 
benzpyrene were found. This figure is without 
doubt too low. owing to the serious losses during 
purification. A calculation of the amount of me- 
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Fic. 4.—Decrease in extinction after ultraviolet irradia- 
tion. A = eluate from yellow zone from feces. B = 3,4- 


benzpyrene. 


tabolites excreted in urine was not made as the ex- 
traction was by no means complete. 


DISCUSSION 


Weigert and Mottram (14, 15), have shown the 
presence of 4 different metabolites of 3,4-benz- 
pyrene in the organism after application of 3,4- 
benzpyrene. The absorption curves obtained in this 
investigation are in very close agreement with the 
curves for Fl and F2 derivatives given by these 
investigators so that it would seem reasonable to 
conclude that the yellow zone from urine (Fig. 
1, A) is identical with Fl and the yellow zone 
from feces (Fig. 1, B) is identical with F2(—8- 
benzpyrenol ). 

Thus, the evidence suggests that benzpyrene may 
be metabolized by man in the same way that it is 


in certain other species. 

The resemblance between the absorption curves 
for Fl and F2 is very great, which leads to the 
suggestion that Fl and F2 are in reality the same 
3,4-benzpyrene derivative but attached to different 
interfering substances. As to the exact nature of 
the possible common interfering substances one can 
only guess, but the finding of a positive ninhydrine 
test strongly supports the suggestion that the inter- 
fering substance may be of a protein nature. The 
assumption that the breaking down of an attach- 
ment between protein and 3,4-benzpyrene during 
the conversion of x-derivatives to F-derivatives 1s 
physiologically more likely than the assumption 
of a ring-opening and ring-closing (5). The 
finding of an increased protein (amino acid) elimi- 
nation in the urine after intravenous injection of 
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carcinogenic hydrocarbons would support the hypo- 
thesis. and investigations of this sort are being 
carried out, the findings of which will be published 
at a future date. 


CONCLUSION 


1. The presence of Fl and F2 (—8-hydroxy- 
3,4-benzpyrene) in urine and feces from a human 
being after intravenous injection of 3,4-benzpyrene 
has been shown. 

2. By spectroscopic examination of the fluores- 
cence of the patient’s skin after intravenous injec- 
tion of 3,4-benzpyrene no metabolites of 3,4-benz- 
pyrene were detected. 

3. A positive ninhydrine test was found in the 
residue from the eluate of the chromatographically 
separated yellow zone from plasma. 

4. No evidence of 3,4-benzpyrene or its deriva- 
tives was found in the organs 10 days after death. 


SUMMARY 


3,4-Benzpyrene was injected intravenously into 
a patient suffering from myeloid leukemia. The 
total amount injected was 4 to 6 gm. Compounds 
with absorption spectra identical with those given 
by other investigators for metabolites isolated from 
rats and mice were found in urine and feces. The 
fluorescence of the skin was examined spectroscopi- 
cally before, during, and after injection. The pho- 
tometer tracings of the fluorescence spectra showed 
only the presence of unchanged 3,4-benzpyrene. 


REFERENCES 


1. BERENBLUM, I., CRowFroot, D., HouipAy, E. R., and 
SCHOENTAL, R. The Metabolism of 3,4-Benzpyrene 
in Mice and Rats. II. The Identification of the 
Isolated Products as 8-Hydroxy-3,4-Benzpyrene 
and 3,4-Benzpyrene-5,8-Quinone. Cancer Research, 
$:151-158. 1943. 

2. BERENBLUM, I., and SCHOENTAL, R. The Metabolism 
of 3,4-Benzpyrene in Mice and Rats. I. The Isola- 
tion of a Hydroxy and a Quinone Derivative and a 


cs 


6. 


10. 


11. 


12. 


13. 


14. 


Consideration of Their Biological Significance. 
Cancer Research, 3:145-150. 1943. 

BERENBLUM,I.,andSCHOENTAL, R. The Metabolism of 
3,4-Benzpyrene into 8- and 10-Benzpyrenols in the 
Animal Body. With an Appendix on Absorption 
Spectra by E. R. Holiday and E. M. Jope. Cancer 
Research, 6:699-706. 1946. 

BOYLAND, E., and WEIGERT, F. Metabolism of Car- 
cinogens. Brit. M. Bull., 4:354-359. 1947. 

CHALMERS, J. G. The Elimination of 3,4-Benzpyrene 
and Other Polycyclic Hydrocarbons From The 
Mouse. Biochem. J., 32:271-277. 1938. 

CHALMERS, J. G. The Elimination of 3,4-Benzpyrene , 
from the Rat. Biochem. J., 34:678-684. 1940. 

CHALMERS, J. G., and Crowroot, D. The Elimina- 
tion of 3,4-Benzpyrene from the Animal Body after 
Subcutaneous Injection. 2. Changed Benzpyrene. 
Biochem. J., 35:1270-1275. 1941. 

CHALMERS, J. G., and Kirsy, A. H. M. The Elimina- 
tion of 3,4-Benzpyrene from the Animal Body after 
Subcutaneous Injection. I. Unchanged Benzpyrene. 
Biochem. J., 34:1191-1195. 1940. 

CHALMERS, J. G., and Peacock, P. R. Further Evi- 
dence Regarding the Elimination of Certain Poly- 
cyclic Hydrocarbons from the Animal Body. Bio- 
chem. J., 30:1242-1248. 1936. 

CHALMERS, J. G., and PEAcock, R. P. The Excretion 
of Derivatives of Certain Carcinogenic and Non- 
carcinogenic Hydrocarbons from the Animal Body. 
Biochem. J., 35:1276-1282. 1941. 

ENGELBRETH-HO.yM, J., and StaMER, S. Treatment of 
Leukemia with 9,10-Dimethyl-1, 2-Benzanthracene. 
Approaches to Tumor Chemotherapy, 1947, 
419-430. 

Peacock, P. R. Evidence Regarding The Mechanism 
of Elimination of 1,2-Benzpyrene, 1:2:5:6-Dibenz- 
anthracene and Anthracene from the Blood Stream 


Of Injected Animals. Brit. J. Exper. Path., 
17:164-172. 1936. 
WEIGERT, F., and Mottram, J. C. Intermediate 


Stages in the Metabolic Conversion of Benzpyrene 
to 8-Hydroxy-Benzpyrene in Mice. Biochem. J., 
37 :497-501. 1943. 

WEIGERT, F., and Mottram, J. C. The Biochemistry 
of Benzpyrene. I. A Survey and New Methods of 
Analysis. Cancer Research, 6:97-108. 1946. 

WEIGERT, F., and Mottram, J. C. The Biochemistry 
of Benzpyrene. II. The Course of Its Metabolism 
and the Chemical Nature of the Metabolites. Can- 
cer Research, 6:109-120. 1946. 








B—Glucuronidase Activity in Human Tissues 






Some Correlations With Processes of Malignant Growth 
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It has been reported that elevated 8-glucuroni- 
dase activity is present in cancer tissue excised 
from the primary lesion (3) or from metastases to 
lymph nodes and to other organs in the body (4). 
The most striking differences in enzymic activity 
as compared to the adjacent uninvolved tissues 
were observed in carcinoma of the breast with 
metastases to lymph nodes (5). In the present 
paper, a more complete survey has been made of 
the §-glucuronidase activity of various malignant 
and benign tumors occurring in human beings. In 
addition some data concerning the @-glucuronidase 
activity of normal human ovary, uterus, and vagina 
are presented. The tissue findings are discussed in 
detail. especially in connection with theories of the 
tunction of 8-glucuronidase in the organism and of 
carcinogenesis. 


METHODS AND PLAN OF STUDY 


The fresh tissue specimens removed at opera- 
tion were dissected and the tumor was carefully 
separated from the uninvolved tissue. An attempt 
was made to select actively growing, non-necrotic 
tumor tissue and for its control whenever possible, 
a representative portion of the uninvolved tissue. 
The tissues were divided with a sharp razor blade, 
one portion was fixed in formalin for histological 
study and the other portion was assayed for B- 
glucuronidase activity (6). The diagnosis of each 
lesion reported was confirmed in every case by his- 
tological sections. 

In Table I the @-glucuronidase activity of both 
malignant and benign lesions are grouped under 
the name of the organ involved. Table II repre- 
sents a study of the enzymic activities of lymph 
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nodes involved with metastatic carcinoma. In a 
few cases it was possible to study the primary lesion 
as well. Descriptions and photomicrographs of the 
histological sections of tissue from several of these 
cases are presented in the illustrations. In Table III, 
a list is presented of @-glucuronidase activities of 
tissue samples of the uterus, ovary and vagina of 
patients in various physiological states. 


RESULTS 

Six carcinomas and one fibrosarcoma of the 
breast showed 6- to 26-fold increases in £-glucuro- 
nidase activity as compared with the uninvolved 
tissue (Figs. 1, 2 and 7). In benign fibroadenoma 
and gynecomastia, the enzymic activity was rela- 
tively normal. In both chronic cystic mastitis and 
benign intraductal papilloma relatively high values 
were seen in uninvolved tissue. Moderate eleva- 
tion in enzymic activity of the lesion was seen in 2 
of these patients and a very high value in the 
third (Patient S.). These results should be inter- 
preted with caution since in 2 of the specimens, 
cystic fluid, which contains glucuronidase (1), was 
included. 

Six out of 7 carcinomas of the stomach and 
lower esophagus, showed unmistakable elevations 
in activity of 200 to 300 per cent (see Figs. 12 and 
13). In the sixth instance (Patient Sa.), when 
compared with uninvolved esophagus the adeno- 
carcinoma was higher in activity, but the differ- 
ence was less marked when compared with unin- 
volved mucosa. 

Of the 6 cases of adenocarcinoma of the colon 
(see also Figs. 16 and 17), 3 showed significantly 
elevated glucuronidase activity. 

In five of these the comparison was made be- 
tween tumor and uninvolved colon mucosa. ‘This 
may not be a fair comparison as the tumor itself had 
involved both mucosal and muscular elements of the 
bowel and colonic mucosa is richer in glucuroni- 
dase activity than the muscle tissue. If 449 units 
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of sziucuronidase is representative of a _ section 
through all coats of bowel (Patient B.), then the 
enzymic differences in all 6 colon carcinomas would 
become comparatively more striking. These same 
considerations would apply to the data reported on 
gastric tumors. In the lipoma, the activity was 
much lower than in the colon mucosa. 





Pathological diagnosis, 














Patient lesion Involved Uninvolved Remarks 
BREAST 
( Carcinoma 890 168 
R Carcinoma 1,930 62 
M Carcinoma 945 ree 
Mc Carcinoma 900 94 
K. Carcinoma 3,650 143 
H Carcinoma 2,090 165 
D Fibrosarcoma 1,230 145 
K Benign fibroadenoma 393 325 
. Gynecomastia 267 
W. Gynecomastia 96 — 
S. Chronic cystic mastitis 16,100 770 Cystic fluid included in involved 
W. Benign intraductal papilloma and 1,870 oes specimen analyzed in _ patients 
chronic cystic mastitis S, W. 
Chronic cystic mastitis 1,810 1,042 Specimen consisted of cyst wall 
STOMACH 
B. Adenocarcinoma of cardia 2,180 1,270 Uninvolved gastric mucosa 
650 Uninvolved esophageal mucosa 
K. Adenocarcinoma of cardia 1,510 750 
f | Adenocarcinoma 3,180 940 
5. Undifferentiated carcinoma 817 437 Mucosa and muscle coats 
Sa. Adenocarcinoma of cardia 853 486 Uninvolved esophageal mucosa. 
720 Uninvolved gastric mucosa. 
B. Adenocarcinoma 1,640 191 Mucosa and muscle coats 
Ka. Adenocarcinoma 2,320 636 Mucosa and muscle coats 
2,505 
COLON 
N. Adenocarcinoma 1,320 1,486 Uninvolved colonic mucosa 
G. Adenocarcinoma 2,770 1,628 " - - 
O. Adenocarcinoma 1,360 1,760 " as = 
V. Adenocarcinoma 900 1,930 " ” “ 
M. Adenocarcinoma 5,250 2,490 * “ ” 
B. Adenocarcinoma 827 449 Mucosa and muscle coats 
N. Lipoma 126 1,311 Uninvolved colonic mucosa 
PANCREAS 
M. Spindle cell sarcoma 463 
B. Adenocarcinoma 423 seus 
E. Adenocarcinoma 172 326 
B. Benign islet cell adenoma 960 600 
UTERUS 
H. Adenocarcinoma 884 199 Myometrium 
N. Benign leiomyoma 405 1,370 ” 
H. “ . 165 198 
C. “ 7 425 173 Z 
OVARY 
J. Adenocarcinoma 1,410 
M. Metastatic ovarian carcinoma to 2,350 605 Uninvolved rectal mucosa 
rectovaginal septum 295 Uninvolved vaginal mucosa 
c. Recurrent adenocarcinoma 2,740 554 Mesentery 
D. Krukenberg from stomach 23 peas Mucoid acellular tumor 
OTHER ORGANS 
_, Chondrosarcoma in chest wall 572 242 Uninvolved fibrous tissue 
H. Squamous cell carcinoma of penis 1,855 325 
Ca. Transitional cell papilloma of bladder 1,850 sans 
M. Spindle cell sarcoma of lung 940 483 
* One glucuronidase unit is defined as 1 ugm. of phenolphthalein liberated from phenolphthalein mono-B-glucuronide per hour per gram of 
Wet tissue at 38° under standard conditions (6). 








In the pancreas, no reliable comparison could be 
made because of the lack of uninvolved pancreatic 
tissue to serve as adequate control. However, in 
the islet cell adenoma somewhat higher activity 
was observed than in adjacent uninvolved pan- 
creas. 

The adenocarcinoma of the uterus showed ele- 


TABLE I|I:—B-GLUCURONIDASE ACTIVITY IN HUMAN NEOPLASTIC AND OTHER TISSUES 


Glucuronidase units* 
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vated activity whereas the benign leiomyoma 
showed less activity than normal in 2 of the 3 
cases studied. 

Ovarian carcinoma metastatic throughout the 
abdomen had high enzymic activity. 

A high glucuronidase activity of the tumor com- 
pared to the adjacent uninvolved tissue was usually 
noted in the various other tumors from different 
parts of the body. 


et 


cinoma. These tissues were in no way involved 
with cancer. The non-surgical case was that of a 
patient who died 48 hours post-partum from pul- 
monary embolism where tissues were obtained at 
autopsv a short period later. 

In the 2 younger patients, the tissues showed a 
much higher glucuronidase than the 3 who were in 
the post-menopausal state. In Patient N., the en- 
dometrium and endocervix showed a much higher 


TABLE II: B-GLUCURONIDASE ACTIVITY IN PRIMARY LESIONS AND IN THEIR METASTASES TO LYMPH NODES 

















Pathological te al Glucuronidase units Site of Glucuronidase units 
Patient diagnosis lesion Involved Uninvolved lymph nodes Involved Uninvolved 
C. Carcinoma Breast 890 168 Ipsilateral axilla 1,960 3,250 816 572 
Contralateral 3,700 633 510 
axilla 365 645 
K. Carcinoma Breast 3,650 3 <Axilla 4,580 2,260 1,980 640 
S. Undifferentiated Stomach 817 437 Lesser and greater 1,522 1,565 
adenocarcinoma curvature 1,455 1,533 
1,457 1,085 
B. Carcinoma Colon 827 449 Mesentery 1,895 1,284 206 
T. Malignant melanoma Finger Axilla 2,532 680 
G. Lymphosarcoma bec oats uk Axilla 1,730 
E. Lymphoblastoma Parotid 1,940 1,475 ee 
W. Adenocarcinoma Prostate Neck 6,700 
M. Adenocarcinoma Stomach Lesser curvature 1,621 
L. Undifferentiated Stomach Hilum of lung 1,956 2,520 
carcinoma 2,520 


The findings reported in Table II are selt-ex- 
planatory. The elevated enzyme values of the 
primary tumors were paralleled by similarly raised 
glucuronidase in the lymph nodes involved with 
metastatic cancer (Figs. 1 to 19). There seems to 
be no relation between this phenomenon with the 
location in the body of the tumor studied. In 2 
cases of lymphosarcoma, | in the parotid gland and 
the other in an axillary node, there were also seen 
higher values than in the uninvolved lymph node. 

The data reported in Table III were obtained in 
all but one case from surgically removed specimens 
where pan-hysterectomy was done for pelvic car- 


activity than the myometrium and vagina. In the 
post-partum patient the myometrium was analyzed 
since no endometrium could be found. However. 
placental tissue contained £-glucuronidase activity 
in the same range as that seen in myometrial tissue. 
The lactating breast showed an activity much 
higher than that of the relatively normal breast 
tissue recorded in Table I. 


DISCUSSION 


@-Glucuronidase has been shown to be related to 
the metabolism of the estrogenic hormones (7). 
The enzyme in the uterus responds specifically to 





DESCRIPTION OF 
Photomicrographs of sections shown in Figs. 1 to 4 were 


Fic. 1—Patient C. Breast uninvolved by carcinoma. 
Shows a group of small ducts lined by normal cuboidal 
epithelium, and to one side of these there is some collagenous 
connective tissue. Mag. * 290. Glucuronidase activity 168 
units. 

Fic. 2.—Patient C. Carcinoma of breast. Shows irregu- 
lar large tumor cells arranged in small nests and short cords 
which loosely infiltrate a stroma of collagenous connective 
tissue. Many of these tumor cells have invaded lymphatic 
spaces. Mag. X 225. Glucuronidase activity 890 units. 

Fic. 3—Patient C. Uninvolved lymph node from con- 
tralateral axilla. Shows a lymph node which is free of tu- 
mor invasion. There is some increase in the lymphoid ele- 
ments however. On one side part of a normal germinal 
center can be seen. Mag. 250. Glucuronidase activity 
365 units. 


FIGURES 1 TO 6 
made from tissues of patients reported on in Table IT. 


Fic. 4.—Patient C. Involved node from ipsilateral axilla. 
Shows a complete destruction of lymph nodal architecture 
and a replacement by nests of large epithelial tumor cells 
in an abundant connective tissue stroma. Mag. * 230. 
Glucuronidase activity 1,960 units. 

Fic. 5.—Patient C. Contralateral axillary node partly in- 
volved. Shows a small nest of malignant epithelial cells in 
one corner of a lymph node. The remainder of the node 
shows only some lymphoid hyperplasia. Mag. & 235. Glu- 
curonidase activity 633 units. 

Fic. 6.—Patient C. Contralateral axillary node compleie- 
ly involved. Shows complete replacement of lymph node by 
a dense sheet of epithelial tumor cells. Mag. & 225. Glu- 
curonidase activity 3,700 units. 
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Tavis LiL:B-GLUCURONIDASE ACTIVITY IN THE FEMALE REPRODUCTIVE 
ORGANS OF PATIENTS IN VARIOUS PHYSIOLOGICAL STATES 
Glucuronidase 
Patient Age Tissue Units Remarks 
Vagina 669 
Endometrium 3,640 
N 36 Myometrium 1,370 
Endocervix 3,600 —_—____~ 
S 25 Placenta 1,030 Partum 
R. 37 Breast 1,050 Postpartum 
Uterus 844 
M. 48 Vagina 295 Postmenopause 
H. 51 Uterus 199 
Vagina 50 
\ 59 Ovary 291 Postmenopause 
Uterus 365 
Vagina 147 


estrogenic substances (8) even when these are ad- 
ministered in amounts within the physiological 
range. It has been suggested that the enzyme func- 
tions to synthesize the glucuronic acid conjugate 
of the hormone as a step in its utilization by the 
tissue. ‘This process is regarded as one of ‘‘meta- 
bolic conjugation” rather than one of detoxication 
(8). 

The position of physiological equilibrium in the 
reactions supposedly catalyzed by £-glucuronidase 
in vivo, seems to be far over in the direction of syn- 
thesis, when one considers the excretion of steroid 
glucuronidase (2) and characteristic elevations in 
blood glucuronidase (3) which occur during human 
pregnancy. However, it is conceivable that under 
certain conditions glucuronide hydrolysis may take 
place to an extent greater than normal. In such an 
event, the biologically less active conjugate might 
produce a relatively much more potent cell growth- 
stimulating substance, the free steroid hormone. 
This concept possesses many obvious attractive 





features in any consideration of mechanisms of 
estrogen transport and of estrogen action in the 
body, especially in view of the report that human 
blood estrogen apparently consists of a complex of 
estriol glucuronide with protein (10). 

Observations made on the human female repro- 
ductive organs seem to be in line with the partici- 
pation of 8-glucuronidase in estrogen metabolism. 
Thus, the elevated glucuronidase activity in the 
lactating breast and in the uninvolved tissue of the 
breast with chronic cystic mastitis may be ex- 
plained on the basis of prolonged estrin action. 
Moreover, the decline in human uterine and vaginal 
glucuronidase activity seen after the menopause 
resembles the picture seen in mouse uterus follow- 
ing ovariectomy (7). 

The present observations strongly suggest that 
elevated @-glucuronidase may be characteristic of 
cancer cells, although a high glucuronidase value 
does not necessarily imply a malignant state. It 
should also be pointed out that the differences in 
enzymic activity noted (Table 1) appear to be con- 
sistently more striking in carcinoma of the breast 
than those of any other organ. Fibroids, which can 
be produced experimentally by estrogen (9), do not 
possess elevated glucuronidase activities. It has 
been suggested (3, 7), as one possibility, that the 
elevated glucuronidase in malignant neoplasms may 
represent a metabolic response to estrogens or to 
some closely related substance. 

Elevated glucuronidase activity in malignant 
neoplasms may be due to an actual increase in 
enzyme protein synthesis or to the presence of an 
activating substance or to the removal of the in- 
hibitor(s). These same possibilities have been 
pointed out in the case where uterine §-glucuroni- 
dase has been elevated in response to estrogen in- 
jection (8). 

In conclusion, there is little doubt that there is 





DESCRIPTION OF 


Fic. 7—Patient K. Carcinoma of breast. Section of breast 
tumor. Shows an almost solid sheet of malignant epithelial 
cells with large hyperchromatic nuclei and many mitotic 
figures. These cells are growing in closely arranged wide 
cords separated by lymphatic spaces. There is practically no 
fibrous tissue stroma seen. Mag. 235. Glucuronidase ac- 
tivity 3,650 units. 

Fic. 8—Patient K. Uninvolved axillary node. Shows 
only a slight degree of lymphoid hyperplasia without any 
invasion by tumor. Mag. * 315. Glucuronidase activity 
1,980 units. 

Fic. 9—Patient K. Partially involved axillary node. 
Mag. & 12. Shows a lymph node which contains three dif- 
ferent portions. (a) The largest oval portion has been 


FIGURES 7 TO 11 


completely replaced by dense growth of tumor cells. (b) 
The triangular portion to the right consists of lymphoid 
tissue with only a few nests of cancer cells. (c) The re- 
mainder consists only of fatty tissue. Glucuronidase activity 
(a) 4,580. (b) 2,260. (c) 411. 

Fic. 10.—-Patient T. Axillary node involved by malig- 
nant melanoma. Shows a complete replacement of this axil- 
lary node by large polyhedral cells with dark nuclei. These 
cells are arranged in loose sheets in close approximation to 
blood vessels. Mag. * 245. Glucuronidase activity 2,532 
units. 

Fic. 11.—Patient T. Uninvolved node. Shows a section 
of lymph node with a mild lymphatic hyperplasia. There is 
no evidence of invasion by malignant melanoma cells. Mag. 
< 270. Glucuronidase activity 680 units. 
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Patient Age Tissue Units Remarks 
Vagina 669 
Endometrium 3,640 
N. 36 Myometrium 1,370 
Endocervix 3,600 —_—— 
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R. 37 Breast 1,050 Postpartum 
Uterus 844 
M 48 Vagina 295 Postmenopause 
H. 51 Uterus 199 
Vagina 50 
\ 59 Ovary 291 Postmenopause 
Uterus 365 
Vagina 147 


estrogenic substances (8) even when these are ad- 
ministered in amounts within the physiological 
range. It has been suggested that the enzyme func- 
tions to synthesize the glucuronic acid conjugate 
of the hormone as a step in its utilization by the 
tissue. This process is regarded as one of ‘‘meta- 
bolic conjugation” rather than one of detoxication 
(8). 

The position of physiological equilibrium in the 
reactions supposedly catalyzed by @-glucuronidase 
in vivo, seems to be far over in the direction of syn- 
thesis, when one considers the excretion of steroid 
glucuronidase (2) and characteristic elevations in 
blood glucuronidase (3) which occur during human 
pregnancy. However, it is conceivable that under 
certain conditions glucuronide hydrolysis may take 
place to an extent greater than normal. In such an 
event, the biologically less active conjugate might 
produce a relatively much more potent cell growth- 
stimulating substance, the free steroid hormone. 
This concept possesses many obvious attractive 
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features in any consideration of mechanisms of 
estrogen transport and of estrogen action in the 
body, especially in view of the report that human 
blood estrogen apparently consists of a complex of 
estriol glucuronide with protein (10). 

Observations made on the human female repro- 
ductive organs seem to be in line with the partici- 
pation of 8-glucuronidase in estrogen metabolism. 
Thus, the elevated glucuronidase activity in the 
lactating breast and in the uninvolved tissue of the 
breast with chronic cystic mastitis may be ex- 
plained on the basis of prolonged estrin action. 
Moreover, the decline in human uterine and vaginal 
glucuronidase activity seen after the menopause 
resembles the picture seen in mouse uterus follow- 
ing ovariectomy (7). 

The present observations strongly suggest that 
elevated @-glucuronidase may be characteristic of 
cancer cells, although a high glucuronidase value 
does not necessarily imply a malignant state. It 
should also be pointed out that the differences in 
enzymic activity noted (Table I) appear to be con- 
sistently more striking in carcinoma of the breast 
than those of any other organ. Fibroids, which can 
be produced experimentally by estrogen (9), do not 
possess elevated glucuronidase activities. It has 
been suggested (3, 7), as one possibility, that the 
elevated glucuronidase in malignant neoplasms may 
represent a metabolic response to estrogens or to 
some closely related substance. 

Elevated glucuronidase activity in malignant 
neoplasms may be due to an actual increase in 
enzyme protein synthesis or to the presence of an 
activating substance or to the removal of the in- 
hibitor(s). These same possibilities have been 
pointed out in the case where uterine $-glucuroni- 
dase has been elevated in response to estrogen in- 
jection (8). 

In conclusion, there is little doubt that there is 





DESCRIPTION OF 


Fic. 7—Patient K. Carcinoma of breast. Section of breast 
tumor. Shows an almost solid sheet of malignant epithelial 
cells with large hyperchromatic nuclei and many mitotic 
figures. These cells are growing in closely arranged wide 
cords separated by lymphatic spaces. There is practically no 
fibrous tissue stroma seen. Mag. * 235. Glucuronidase ac- 
tivity 3,650 units. 

Fic. 8.—Patient K. Uninvolved axillary node. Shows 
only a slight degree of lymphoid hyperplasia without any 
invasion by tumor, Mag. * 315. Glucuronidase activity 
1,980 units. 

Fic. 9.—Patient K. Partially involved axillary node. 
Mag. & 12. Shows a lymph node which contains three dif- 
ferent portions. (a) The largest oval portion has been 








FIGURES 7 TO 11 


completely replaced by dense growth of tumor cells. (b) 
The triangular portion to the right consists of lymphoid 
tissue with only a few nests of cancer cells. (c) The re- 
mainder consists only of fatty tissue. Glucuronidase activity 
(a) 4,580. (b) 2,260. (c) 411. 

Fic. 10—-Patient T. Axillary node involved by malig- 
nant melanoma. Shows a complete replacement of this axil- 
lary node by large polyhedral cells with dark nuclei. These 
cells are arranged in loose sheets in close approximation to 
blood vessels. Mag. * 245. Glucuronidase activity 2,532 
units, 

Fic. 11.—Patient T. Uninvolved node. Shows a section 
of lymph node with a mild lymphatic hyperplasia. There is 
no evidence of invasion by malignant melanoma cells. Mag. 
< 270. Glucuronidase activity 680 units. 
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a relationship on the one hand of £-glucuronidase 
activity to estrogen action, and on the other hand 
of B-glucuronidase activity to processes of malig- 
nant growth. However, it should be fully realized 
that further work will be necessary to decide 
whether these relationships are more than coinci- 
dental. 
SUMMARY 


Tissues from surgical specimens were assayed for 
B-glucuronidase activity. Striking elevations in 
activity were found in malignant neoplasms of the 
breast, stomach, colon, uterus, ovary, penis, and 
lung as compared with the adjacent uninvolved 
tissue. Metastases to lvmph nodes and other organs 
likewise showed notable differences. 

Vagina, uterus and ovary removed from women 
of various ages were assaved for £-glucuronidase 
activity. There was a marked decline in activity 
after menopause. Breast, uterus and placenta at 
parturition contained substantial enzymic activity. 
On the whole these findings are in agreement with 
previously demonstrated correlations between es- 
trogen activity and -glucuronidase activity. 

The elevations in @-glucuronidase activity in the 
neoplasms were interpreted as a metabolic response 
of the tissue to estrogen or some other closely re- 
lated substance. 
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DESCRIPTION OF FIGURES 12 to 15 


Fic. 12.—Patient S. Uninvolved stomach. Shows section 
of uninvolved stomach wall. There is some atrophic gas- 
tritis and increased lymphoid infiltration of the mucosa and 
muscularis. No evidence of cancer in this section. Mag. « 
82. Glucuronidase activity 447 units. 

Fic. 13.—Patient S. Carcinoma of stomach. Shows sec- 
tion of stomach wall infiltrated by cancer cells singly and 
in small nests. There is no differentiation and there is lack 
of cohesion of the malignant cells. They are growing wildly 
in a fibrous tissue stroma. Mag. * 250. Glucuronidase ac- 
tivity 817 units. 


Fic. 14.—Patient S. Involved node. Shows section of 
lymph node from the lesser curvature which has been large- 
ly invaded by cancer cells. These cells resemble the primary 
stomach tumor in their undifferentiated type of growth 
and lack of cohesion. Mag. * 260, Glucuronidase activity 
1,565 units. 

Fic. 15.—Patient S. Involved node. Shows section of 
another lymph node from the greater curvature almost 
completely replaced by tumor. In this case the tumor cells 
are arranged in larger nests. The centers of these nests have 
undergone necrosis to give the tumor a pseudoglandular ap- 
pearance. Mag. & 260. Glucuronidase activity 1.457 units. 
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DESCRIPTION OF 


Fic. 10.--Patient B. Uninvolved colon. Shows a section 
of uninvolved colon wall with normal mucosa. There is 
some |, mphocytic infiltration of the mucosa, but no evi- 
dence o: tumor. Mag. & 135. Glucuronidase activity 449 
units. 

Fic. 17.—Patient B. Carcinoma of colon. This shows sec- 
tion of colon wall with large columnar cells with hyper- 
chromatic nuclei, forming irregular acini which invade the 
muscularis, The stroma surrounding these malignant acini 
is infiltrated with some Ilvmphocytes. Mag. * 225. Glu- 
curonidase activity 827 units. 


FIGURES 16 


TO 19 


Fic. 18.—Patient B. Uninvolved perirectal node. This 
section shows only a slight lymphocytic hyperplasia. There 
is a normal germinal center seen. There is no evidence of 
malignant invasion in this node. Mag. * 240. Glucuroni- 
dase activity 206 units. 

Fic. 19.—Patient B. Involved perirectal node. This shows 
section of a lymph node completely invaded by tumor. The 
malignant cells are arranged in large irregular acini, in which 
the lumens contain much cellular debris. The surrounding 
fibrous tissue stroma is infiltrated by lymphocytes. Mag. 
*« 135. Glucuronidase activity 1,895 units. 
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Differences in metabolism of neoplastic tissue 
and its normal homologue have been the subject of 
extensive experimental work. Burk (4) has sug- 
gested seven criteria of malignant metabolisms, 
while the studies of Greenstein (8) have done much 
to map the enzymatic patterns of malignant tumors. 
These studies as well as many others have pointed 
to the accentuation of both aerobic and anerobic 
glycolvsis as well as to a diminution in the con- 
stituents and reactivity of the respiratory chain of 
enzymes viz., flavoprotein, cytochrome and cyto- 
chrome oxidase. Crystallization of these observa- 
tions is found in the statement by Greenstein (8, 
p. 201) that “tumors tend to converge enzymati- 
cally to a common type of tissue.” 

The differences in metabolism between normal 
and malignant tissues have been the basis for many 
attempts to develop a chemotherapeutic approach 
to their control. Direct observation in tissue cul- 
ture of differential sensitivity to various enzyme 
inhibitors was reported by Chambers, Cameron and 
Kopac (5). 

Attempts to inhibit the glycolytic activity of 
tumor tissue im vitro have in some instances been 
encouraging (13,3, 15). When given to the intact 
animal, however, these enzyme inhibitors in gen- 
eral have been found ineffective (12, 17, 11) except 
in a few instances (6, 7, 19). 

The possibility of a new approach toward a ra- 
tional chemotherapy of malignant tumors seemed 
to be indicated in terms of the energy-rich phos- 
phate bond. The importance of these bonds in re- 
lation to cellular energy requirements has been 
stressed by Lipmann (14) and Kalckar (10). If 
malignant cells are particularly dependent on the 
glycolytic mechanism for their energy requirements 
it might be possible to inhibit their activity if one 
could selectively limit the formation or utilization 
of these bonds. 

Based on this concept, an attempt was made to 
create a tentative model of biochemical function in 





* This work was supported by Leukemia Research Foun- 
dation and the Biochemical Research Fund, New York 
Medical College. Preliminary report of this work was made 
at the 38th Annual Meeting of the American Association 
for Cancer Research, Inc., Chicago. May 1947. 


malignant tissue as compared to the normal. It 
was felt that with the advent of malignant neo- 
plasia there was a significant alteration in the 
energy mechanism of tissue. The preferred path- 
ways would now involve the glycolytic mechanism 
while the respiratory enzyme reactions would be 
diminished or be of limited importance as com- 
pared to their role in normal tissue. It should be 
stressed that the respiratory functional potentiality 
is not absent but merely residual. This is of par- 
ticular importance from the point of view of mech- 
anisms of adaptation. The glycolytic mechanism 
itself may be divided into two main groups, the 
primary portion from triose to lactic acid and the 
tricarboxylic acid cycle which would serve as an 
accessory or secondary mechanism for energy pro- 
duction. 

The value of any model or theory rests to a large 
extent on its ability to indicate significant experi- 
ments or to prognosticate and unify observations. 
On the basis of this hypothesis the following would 
be predicted. 

1. Ihe preferred sites for inhibiting the pri- 
mary glycolytic mechanism in order to obtain maxt- 
mum destruction of energy-yielding reactions in 
malignant tissue. ‘These would occur at the points 
of creation of the high energy phosphate bonds, 
namely the coupled oxidation-phosphorylation of 
3-phosphoglyceraldehyde to 1,3-diphosphoglyceric 
acid, and the enolization of 2 phospho pyruvic acid 
to phospho-enol pyruvic acid. These reactions are 
inhibited respectively by iodoacetic acid and so- 
dium fluoride. 

2. That such inhibition would have minimal 
effects on normal tissue. 

3. That adaptation of malignant tissue to these 
inhibitors would occur. This would be associated 
with utilization of a secondary mechanism for en- 
ergy production. 

(a) The tricarboxylic acid cycle is a likely sec- 
ondary pathway. Inhibition of the cycle could be 
accomplished by the use of malonic acid which 
inhibits the succinic dehydrogenase system. 

(b) Further adaptation after initial sensitivity 
of the malignant tissue to the glycolytic inhibitors 
would occur. This might well be accomplished 
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over the diminished metabolic pathways, that is, 
those using the respiratory enzyme chains particu- 
larly cytochrome oxidase. It should be recalled 
that these pathways are not absent but merely re- 
sidual and could come to prominence when more 
favored reactions are blocked. Such reactions might 
be inhibited by the use of azide which blocks oxi- 
dase activity. 

The schematic condensation of the broad groups 
of metabolic reactions as well as the sites of action 
of the inhibitors mentioned are indicated in Fig. 1. 

4. The various inhibitors, particularly the glyco- 
lytic, would be equivalent in terms of high energy 
phosphate bonds. Given the acute lethal dose of 
the inhibitors and the therapeutic dose of one of 
them it should be possible to compute the thera- 
peutic doses of the others. 

The acute lethal doses were obtained from the 
data of Handler (9) who used intraperitoneol in- 
jections in rabbits. He obtained the following 
values for the various inhibitors: sodium fluoride 
250 mgm./kgm., sodium iodoacetate 80 mgm./kgm.., 
sodium malonate 1,500 mgm./kgm., sodium azide 
10 mgm./kgm. For our calculations the value of 
320 mgm./day was chosen for the average thera- 
peutic dose of sodium fluoride for an adult. This 
was determined by studies of the therapeutic effects 
on leukemia cases to be described below. From 
these figures simple ratios were set up in the fol- 
lowing form. 

Lethal dose X Therapeutic dose X 


Lethal dose Y = Therapeutic dose Y 

The values for iodoacetic acid and malonic acid 
were determined in this manner. In the case of 
sodium azide the value arrived at was divided by 
3, in view of observations that the cytochrome oxi- 
dase content of tumors is roughly in a 1:3 ratio 
with normal tissue (8, p. 249). The comparisons 
of the calculated doses with the doses found to be 
clinically effective are listed in Table I. 








TABLE I: CoMPARISON OF CALCULATED AND CLINICALLY 
EFFECTIVE Doses OF VARIOUS INHIBITORS 





Inhibitor Calculated dose*, Clinically effective 
mgm. dose*, 
mgm. 
Sodium fluoride 320 
Iodoacetic acid 92 60-90 
Malonic acid 1892 1000-1500 
Sodium azide 2.7 1.8-2.5 


* Dose/day for average adult. 


This report gives the results of preliminary ex- 
periments based on the concepts mentioned above. 
The various inhibitors were tested on cases of acute 
leukemia as well as various types of malignant 
tumors. Acute leukemia was chosen initially as a 


particularly good subject for study in view of the 
uniformly poor prognosis and the ease of following 
therapeutic effects by means of peripheral blood 
counts. While there are reports of occasional spon- 
taneous remissions in acute leukemia, these are 
rare. Further, the remissions are not predictable 
as to time and method of occurrence. The essen- 
tial validity of the foregoing predictions is indi- 
cated by the beneficial therapeutic effects observed 
in a significant number of the patients treated. 

The various drugs were given orally in divided 
doses. In the case of sodium fluoride it was neces- 
sary to prevent the formation of hydrofluoric acid 
in the stomach. This was achieved either by the 
use of enteric coated tablets! or by the simulta- 
neous administration of amphoteric antacids. 

Acute myeloblastic leukemia.—TYen cases were 
studied, 5 of which showed definite clinical and 
hematological improvement, 2 showed some im- 
provement coincident with therapy, while 3. ex- 
perienced little or no effect. Improvement, when 
it occurred, consisted of gain in strength, appetite 
and alertness, and decrease in blasts, adenopathy 
and hepatosplenomegaly. 

Of particular interest was the case of L. G., a 
314% year old white girl. Administration of sodium 
fluoride and iodoacetic acid (together) was accom- 
panied by disappearance of blasts from the peri- 
pheral blood. Adenopathy and hepatosplenomegaly 
disappeared within a month. Following cessation 
of therapy for 2 weeks, there was a recurrence of 
the original symptoms and adenopathy. Resump- 
tion of treatment with sodium fluoride and iodo- 
acetic acid failed to bring any regression in the 
adenopathy or hepatosplenomegaly, or to improve 
the clinical status. It was assumed that the cells 
had become adapted to these inhibitors and were 
now using an accessory pathway of metabolism. 
The tricarboxylic acid cycle was considered to be 
the next mechanism most likely to be available. 
The use of malonic acid was decided upon because 
of its known ability to inhibit the succinic acid 
dehydrogenase system. Within a week of the in- 
stitution of malonic acid. in conjunction with the 
other two inhibitors. the glands became soft and 
fluctuant, and were resorbed. After about a month. 
during which all three inhibitors were administered. 
there was a recurrence of hepatosplenomegaly. 
glands and blasts. The child died shortly there- 
after from pulmonary hemorrhage. apparently due 
to a lack of platelets. The total length of observa- 
tion was 5 months. 

1Kindlv furnished by Endo Products, Inc., Richmond Hill, 
New York. 
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It is particularly noteworthy that although the 
glycolytic inhibitors were effective initially, a proc- 
ess of adaptation appeared to take place so that 
the initial sensitivity was lost. It was felt that 
adaptation might have been accomplished by the 
use of reactions involving the “diminished meta- 
bolic pathway” as indicated in Fig. 1. Alteration 
in the leukemic cell was also suggested by the ob- 
servation that morphological changes occurred in 
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as indicated by recurrence of adenopathy and ele- 
vation of the white count, it was noted that a tran- 
sition had occurred from the original blast cell to a 
cell which looked very much like an _ unusual 
lymphocyte. It varied in size from 8 to 20 » in 
diameter and was characterized by an almost com- 
plete lack of cytoplasm. The nucleus possessed a 
condensed chromatin pattern in which nucleoli 
were either absent or reduced to small cresentic 
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pathways in malignant tissue. 


the leukemic cell after exposure to the glycolytic 
inhibitors coincident with the development of re- 
sistance to these drugs. The original myeloblastic 
cell usually possesses a well defined basophilic cyto- 
plasm, and a vesicular nucleus which contains sev- 
eral distinct nucleoli. Leukemia patients having 
such cells were almost uniformly sensitive to the 
glycolytic inhibitors, sodium fluoride, iodoacetic 
acid and malonic acid. Treatment resulted in dis- 
appearance of adenopathy, hepatosplenomegaly and 
elimination of these malignant cells from the pe- 
ripheral blood. However, when adaptation occurred, 


structures. These variations between the original 
cell type and the adaptation cell are illustrated in 
Fig. 2 and 3. 

This relationship between metabolic sensitivity 
and morphological appearance of the leukemic cell 
is well illustrated by the following protocol. 

S. R., (Fig. 4) 35 year old white male developed 
inguinal adenopathy in October, 1946. Biopsy 
was interpreted as lymphosarcoma; the peripheral 
blood count was normal. The patient received 
x-ray therapy to the groin and in addition was 
started on the glycolytic inhibitors. In spite of 
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continuous exposure to these drugs the patient 
seemed to be declining slowly. On December 24, 
1946 «a typical picture of acute myeloblastic leu- 
kemia was noted in the peripheral blood. This was 
corroborated by sternal-marrow aspiration. The 
malignant cells at this time were almost equally 
divided between two types, (a) a myeloblastic cell 
having well defined cytoplasm and a _ vesicular 


nucleus containing nucleoli, and (b) the adapta- 


wi 











& hay 


Fic. 2.—Blood smear from case of acute myeloblastic 
leukemia. 2 large cells showing prominent nucleoli and well 
defined cytoplasm are typical myeloblasts. These cells are 
sensitive to the glycolytic inhibitors. 





tion type cell described above. In spite of continu- 
ous exposure to the glycolytic inhibitors (sodium 
Huoride 80 to 160 mgm. t.i.d., iodoacetic acid 30 
mgm. t.i.d. and malonic acid 0.5 gm. t.i.d.) the 
patient showed slow but progressive development 
of adenopathy and hepatomegaly, the continued 
presence of malignant cells in the peripheral blood 
smear, absence of polys and general debilitation. 
At the same time it was noted that the malignant 
cells were becoming predominantly of the adapta- 
tion type. As can be seen from Fig. 3, there was 
little or no effect on the malignant cells, despite 


extensive and continued therapy with the glycolvtic 
inhibitors. At the same time the clinical course 
was slowly down-hill, with progressive adenopathy. 
It seemed likely that in the face of the glycolvtic 
inhibitors the malignant cells were using the dimin- 
ished metabolic pathways which, as indicated in 
Fig. 1, involve oxidase activity. Therefore an 
attempt was made to evaluate the effect of an in- 
hibitor of oxidase activity, namely, sodium azide. 





3 





a ne al a 


Fic. 3—Blood smear from case of acute myeloblastic 
leukemia, after treatment with the glycolytic inhibitors. 
These cells are adaptation cells and are not sensitive to 
glycolytic inhibitors. Azide can induce reversal of adapta- 
tion cell to typical myeloblast. 


The administration of the glycolytic inhibitors was 
discontinued on February 13 and sodium azide in 
doses of 0.625 mgm. t.i.d. started on February 17. 
This was continued for 10 days, during which time 
there seemed to be a slight decrease in adenopathy 
as well as some fall in the malignant cell count. 
The azide was then stopped and the glycolytic in- 
hibitors reinstituted in the following doses: sodium 
fluoride 80 mgm. q.i.d, iodoacetic acid 30 mgm. 
b.i.d. and malonic acid 0.5 gm. b.i.d. In the in- 
terim between the cessation of the azide therapy 
and the reintroduction of an effective concentration 
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of the glycolytic inhibitors there was a marked in- 
crease In the malignant cell count and adenopathy. 
There was a coincident reappearance of nucleoli 
and basophilic cytoplasm in the blast cell. This 
was followed by an increase in polys and disappear- 
ance of malignant cells and adenopathy. Omission 
of therapy was again followed by reappearance of 
clinical discomfort and adenopathy and leukemia 


_ 
— 


tors were reintroduced, following which decrease in 
the blasts and adenopathy was again noted. The pa- 
tient died as the result of hemorrhagic tendencies 
due to lack of platelets. The total time of observa- 
tion was 6 months. 

It should be mentioned that to almost all of our 
leukemia patients supportive transfusions were ad- 
ministered. Although there are reports that in 
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S.R.- Acute Myeloblastic Leukemia 


Fig. 4 


Fic. 4—The effect of the various inhibitors on case of 


acute myeloblastic leukemia. 


ing nucleoli and cytoplasm. Re-introduction of the 
glycolytic inhibitors was again followed by clinical 
and hematological remission lasting several weeks. 
However, the malignant cells reappeared in spite 
of exposure to the azide and glycolytic inhibitors. 
Now they were predominantly of the adaptation 
type and little beneficial effect of the combined 
drugs was noted. However, after preliminary ex- 
posure to sodium azide alone, the percentage of 
the adaptation type of cell fell, while the original cell 
tvpe reappeared. At this point the glycolytic inhibi- 


mission, we found no correlation between any 
transfusion (more than 200 given) and clinical or 
hematological remission. 

A rather uniform clinical pattern was observed 
in response to the therapeutic agents. Thus, clini- 
cal effect was not usually manifest until after three 
weeks of therapy. In the leukemia cases, however, 
some change in the blood count was usually noted 
as early as 24 hours after start of sodium fluoride 
therapy. This consisted of a decrease in the blasts 
either through drop in white count or appearance 
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of increased percentage of smudges with an asso- 
ciated drop in percentage of blasts. The exact 
mechanism was not predictable although it ap- 
peared that the blasts with abundant cytoplasm 
usually became smudges before the count dropped. 
This response may be so marked that the smudges 
may constitute as much as 85 per cent of the total 
count (Fig. 5). 

Associated with the rapid destruction of the leu- 
kemic cells there is an elevation of temperature, 
which may go as high as 106° F. This usually 
lasts from 5 to 7 days; when it falls the adenopathy 
and hepatosplenomegaly are usually gone and the 
blood cleared of blasts. If the count previously 
consisted almost entirely of leukemic cells, there 
will be a marked leukopenia. Whether or not there 
will be return of the normal constituents depends 
on the bone marrow function. In general, the bone 
marrow response appears to be inversely propor- 
tional to the duration of the disease. So long as 
the blood remains free of malignant cells there is 
little evidence of the usual clinical features of 
agranulocytosis. In fact, the patient is usually 
clinically quite well. 

The occurrence of hyperpyrexia associated with 
a therapeutic effect as seen in leukemias is usually 
not seen in other types of malignant neoplastic 
disease receiving this type of therapy. 

Acute lymphatic leukemia.—Ot 4 cases treated, 
all showed definite clinical and hematological im- 
provement. One case treated with sodium fluoride 
alone underwent progressive changes, coincident 
with therapy, to what appeared to be a low grade 
chronic leukemia. She remained clinically well and 
active for 2 years. There was then a recurrence 
of the original acute type. Unfortunately circum- 
stances prevented testing efficacy of the medication 
at this time. The patient succumbed. 

Acute monoblastic leukemia.—lIn the single case 
studied. little change could be noted in the pro- 
gressive decline over a period of 5 weeks’ treatment 
with sodium fluoride, iodoacetic acid and malonic 
acid. 

Gastric carcinoma.—vTwo cases were treated, 
both of which showed definite clinical improve- 
ment. In one, the large immobile epigastric mass 
initially present was converted within 5 weeks to a 
freely movable mass definitely smaller in size. The 
70 vear old patient died a cardiac death within 
2 months. The other patient could not tolerate 
the medication after 4 weeks and therefore no effec- 
tive doses were administered after that period. 
Death occurred from progression of the disease 
within 4 months. 


Lymphosarcoma.—Coincident with treatment for 
5 weeks, a retroperitoneal lymphosarcoma about 
the size of a man’s head shrank to the size of a 
baseball. This dramatic lessening in mass was ac- 
companied by clinical improvement. There fol- 
lowed a 2 week period of rest from therapy, during 
which the tumor again increased in size: subse- 
quent resumption of therapy for 10 days was asso- 
ciated with a second decrease. An exploratory 





Fic. 5—Blood smear from case of acute myeloblastic 
leukemia, showing extensive destruction of the blasts by 
the glycolytic inhibitors. 


operation was now performed. The patient died 
of a retrograde peritonitis subsequent to the opera- 
tive procedure. Surgical biopsy and postmortem 
microscopic examination revealed extensive and 
unusual necrosis and replacement fibrosis. 

Carcinoma of the colon with metastasis to the 
liver —Three cases showed a similar tendency for 
initial improvement in clinical status and some 
shrinkage of the enlarged livers within a month. 
However, these patients exhibited an inability to 
tolerate the medication beyond that period. experi- 
encing nausea and vomiting. This was soon fol- 
lowed by a downward trend. 

Carcinoma of the lung.—Four cases were studied 
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and all showed improvement coincident with ther- 
apy. Observations included decrease of pleural 
effusion, gain in weight and other signs of clinical 
improvement. One of these cases is still under ob- 
servation, the others have died. 

The following condensed protocol will serve to 
illustrate the findings in the former case of lung 
carcinoma. 

W. K., 65 year old white male, having a long 
standing history of chronic bronchitis. Starting in 
November, 1946, the patient noted increasing weak- 
ness and distress. X-ray revealed atelectasis at the 
base of the right lung. Bronchoscopy disclosed a 
mass in the bronchus which proved to be squamous 
cell carcinoma. There had been a _ progressive 
weight loss of 17 pounds from November to De- 
cember. 

The patient was first seen by us on December 
30, 1946, at which time he weighed 1101% pounds. 
He was emaciated, had a chronic cough, poor appe- 
tite and gasping respiration. Hemoglobin was 9.0 
gm. He was given all three glycolytic inhibitors, 
sodium fluoride, 80 mgm. t.i.d.; iodoacetic acid, 30 
mgm. b.i.d.; and malonic acid, 0.5 gm. b.i.d. In 
addition he was started on a series of injections of 
testosterone propionate, 25 mgm. t.1.d. 

Under this form of treatment there was a pro- 
gressive gain in weight, strength and hemoglobin, 
so that by March 26, 1947 he weighed 124 pounds 
and had 14 gm. of hemoglobin. 

Some loss of weight and reappearance of cough 
recurred which was checked by administration of 
sodium azide followed by the glycolytic inhibitors. 

The patient died in June, 1947. Autopsy revealed 
that extensive purulent material in the atelectatic 
right lung had spilled over and occluded the left 
bronchus. 

The use of testosterone in conjunction with the 
inhibitors in this case does not seem to have altered 
the general pattern of response to the inhibitors. 
The effects were neither accelerated or deterred. 
Further, the dose in this case was less than the 
dose of testosterone usually employed. 

Carcinoma of the testis —Two cases were treated. 
The principal complaint of one patient was excru- 
ciating pain of sciatic type arising from metastasis 
in the right psoas area, proved by x-ray. Bed rest 
and opiates were of little avail. Within a month 
this patient was well enough to be ambulatory; he 
refused further treatment because it made him 
nauseous. (Both he and his wife were unaware of 
the diagnosis.) After a temporary period of well- 
being, his clinical status deteriorated rapidly. The 
second patient showed decrease in gynecomastia, 
relief from pain and increased strength. The 24 


hour output of 17-ketosteroids decreased from 29.2 
mgm. to 20.5 mgm. This patient had also an ad- 
vanced case of diabetes, and died suddenly in what 
appeared to be diabetic coma. The total duration 
of study was 3 months. 

Hodgkins’ disease.—Three cases were treated, all 
of whom showed definite clinical improvement. In 
2 of the cases, where there was marked adenopathy, 
the glands were seen to shrink strikingly under 
therapy consisting of the glycolytic inhibitors. Par- 
allel clinical improvement was noted in appetite, 
strength and loss of cough and itching. The results 
in one of the cases is illustrated in the following 
protocol. 

J. F., 32 year old white female, admitted to the 
Brooklyn Cancer Institute on February 2, 1947 
with a 2 vear history of adenopathy starting after 
delivery of a normal child. The adenopathy had 
increased strikingly for the past 7 months, particu- 
larly in the left cervical region. Examination re- 
vealed extensive cervical adenopathy which §sur- 
rounded the neck in a collarlike fashion. completely 
effacing the chin line. There were also extensive 
axillary adenopathy and __hepatosplenomegaly. 
Chronic non-productive cough was present. X-ray 
revealed marked swelling of the left neck shoulder 
angle and considerable enlargement of both hilar, 
more prominent on the right. The upper media- 
stinum bulged to the right. W.B.C., 40,000 (polys 
76 per cent), hemoglobin, 12.9 gm. Sternal punc- 
ture revealed hyperplasis of the poly series, with 
no evidence of primary hematological disorder. The 
methylene blue reducing time, according to the 
method reported by one of us (M. M. B.), was 
18.5 minutes (1). 

After 3 weeks of treatment with the glycolytic 
inhibitors the glands receded markedly. the methy- 
lene blue reducing time dropped to normal and 
the W.B.C. decreased. Insensitivity to the medica- 
tion occurred and was reversed by administration 
of sodium azide for a period of 1 to 2 weeks. This 
phenomenon of reversal of insensitivity has been 
accomplished 3 times thus far. 

At present, after about 6 months of therapy, the 
patient feels better, the glands are smaller and the 
cough is gone. 

It is stressed that the agents used. and in the 
dosage employed, had no apparent effect upon nor- 
mal cells. Thus in all cases of carcinoma treated 
with the same doses as the cases of leukemia there 
was no morphological change in any of the blood 
components. Similarly there was no _ apparent 
effect of inhibitor sodium fluoride on the clinical 
course or hematological picture in 4 cases of 
chronic myelogenous leukemia. 
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DISCUSSION 

The therapeutic response observed, as well as the 
striking similarity between the calculated dose and 
the actual dose needed to produce therapeutic ef- 
fects, lends support to the validity of the original 
thesis upon which these studies were undertaken. 

it is also significant that the observations re- 
ported here give insight into the mechanism of 
adaptation by malignant cells. Although the phe- 
nomenon of adaptation still constitutes a major 
limitation in this and other chemotherapeutic mo- 
dalities. it appears that it does not involve the 
creation of enzymatic mechanisms de novo but 
rather the utilization of previously existent sec- 
ondary pathways. This would be in agreement 
with the studies of Sevag (20) with bacterial 
adaptation to chemotherapeutic agents. The adap- 
tation found by us appears to follow a preferential 
and step-wise pattern. Thus the preferred path- 
way appears to involve the glycolytic cycle from 
the triose to lactic acid. On this basis the tricar- 
boxvlic acid cycle would serve as an accessory or 
secondary mechanism for energy production. Re- 
actions involving azide-sensitive enzymes (cyto- 
chrome oxidase, peroxidase, catalase) may be con- 
sidered as of limited importance as compared to 
their role in normal tissue. However, their func- 
tional potentiality is not absent but merely residual, 
and comes to prominence when more favored re- 
actions are blocked. It should also be mentioned 
that some leukemic cells, which originally were 
similar in morphology to the adaptation cell de- 
scribed above. failed to show any sensitivity to the 
glycolytic inhibitors. 

Correlation between biochemical activity and 
morphological alterations has long been a problem 
of acute interest to the cellular physiologist. Thus 
the apparent change in cell type in response to the 
glycolytic inhibitors poses new problems on the 
cvtoplasmic localization of enzymes and the func- 
tion of nucleoli. Much work is needed along these 
lines to clarify the full significance of these obser- 
vations. 

The studies reported by Stowell (20) on the re- 
lationship between nucleolar size and cytoplasmic 
nucleoprotein production in the liver cell is of great 
interest in this connection. He reported direct re- 
lation between nucleolar size and increase of cyto- 
plasmic nucleoprotein. 

The use of glycolytic inhibitors in the intact in- 
dividual requires that particular attention be paid 
to the possibility of deleterious effects on the nor- 
mal tissue of the retina and the intestinal mucosa. 
since both tissues have been reported as having 
metabolic activity similar to neoplastic tissue, par- 


ticularly in regard to a high glycolytic activity. In 
our studies there have been no detectable impair- 
ment in vision, nor any change in gastrointestinal 
function or gross or microscopic alternation which 
would indicate appreciable damage. Either the 
metabolism of the intact retina is not similar to 
neoplastic tissue or it adapts very readily and with 
more facility than does malignant tissue. 

The recent reports of Rosenthal (16) indicate 
that aerobic glycolysis of an intensity characteris- 
tic of cancer tissue is not a normal metabolic fea- 
ture of the mucosa of the small intestine. 

The need for further work with the therapeutic 
agents described is unquestioned. Of particular 
interest would be the incorporation of these sim- 
ple molecules into the structure of a larger organic 
group so as to impart increased and more lasting 
effect. Thus arsenic, although toxic to the spiro- 
chete, requires a particular organic carrier to 
achieve maximal therapeutic and minimal toxic 
effect. 

The data considered in this paper involve con- 
sideration of specific sensitivity of malignant tissue. 
However, the factor of the body substrate in the 
control or spread of tumors should not be over- 
looked. It is common clinical experience to find that 
similar tumors pursue widely different courses in 
different individuals. In this connection the varia- 
tion induced in the reducing power of plasma of 
patients with malignant neoplastic disease is im- 
portant. The beneficial therapeutic effect of sulf- 
hydral compounds reported by one of us (M. M. 
B.) (2) appears to be a valuable adjunct in the ~ 
chemotherapeutic armamentarium. Further use of 
the sulfhydryl compounds in cancer patients has 
indicated the possibility of actual tumor inhibition 
and regression in addition to the relief of svmpto- 
matic complaints. These results would appear to 
be secondary to alteration or stimulation of body 
defense mechanisms rather than the result of direct 
effect on the tumor. The sulfhydryl compounds 
in present use include glutathione and cysteine. It 
appears advisable to extend observations to in- 
clude compounds of di- and tri-thiol structure. 

Study of the effects of the combined action of 
inhibitors and sulfhydryl] compounds now in prog- 
ress give indication of enhanced therapeutic effects. 


SUMMARY 


Differences in metabolism between normal and 
malignant tissues have been the basis for many 
attempts to develop chemotherapeutic measures. A 
new approach toward the chemotherapy of malig- 
nant tumors seems indicated in terms of the energy- 
rich phosphate bond. 
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Based on this concept, an hypothesis of bio- 
chemical function in malignant tissue as compared 
with normal was formulated as follows: With the 
advent of malignancy there is a significant altera- 
tion in the energy mechanism of tissue. The pre- 
ferred pathways involve the glycolytic mechanisms 
while the respiratory enzyme reactions are dimin- 
ished as compared with their role in normal tissue. 
The respiratory functional potentiality is not ab- 
sent but merely residual. The glycolytic mechanism 
itself may be divided into (a) the primary portion 
from triose to lactic acid, and (b) the tricarboxylic 
acid cycle which serves as a secondary mechanism 
for energy production. 

Based on this hypothesis the following were used 
in the treatment of various types of human malig- 
nant neoplastic diseases: sodium fluoride, iodoace- 
tic acid, malonic acid and sodium azide. The es- 
sential validity of the foregoing hypothesis is indi- 
cated by the beneficial therapeutic effects observed 
in a significant number of patients treated. 
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Dr. E. V. Cowdry 


Barnard Free Skin & Cancer Hospital and Washington University Medical School, St. Louis 10, Missouri 


This Commission will promote cooperation in 
cancer research throughout the world. It will 
therefore supply the mechanism for teamwork 
which, though widely needed, has hitherto been 
halting and without organization. As now estab- 
lished, the Commission is the first international 
group devoted exclusively to research on cancer. 
This activity is broadly conceived to include clini- 
cal, laboratory and statistical investigations, indeed 
all efforts to expand knowledge of this disease to 
the end that improvements will be made on a large 
scale in prevention, diagnosis and treatment of can- 
cer. Systematically to bring in cancer workers of 
all nations is clearly indicated. With different cul- 
tural backgrounds and different habits of mind, 
they may well view the same problem from differ- 
ent angles and trv to solve it in different ways. 


FORMATION 


Conditions were especially favorable for the birth 
of the Commission at the International Cancer Re- 
search Congress held in St. Louis, September 2 to 
7, 1947. The Congress was sponsored by the Union 
Internationale Contre le Cancer and by the Ameri- 
can Association for Cancer Research. The attend- 
ance from abroad was further increased by the 
action of the United States Department of State in 
transmitting invitations to foreign governments to 
send official delegates. The time was ripe for such 
a meeting, because we are entering a period of 
almost worldwide reconstruction. Cancer facilities 
destroyed in the war must be rebuilt and enlarged. 
Investigations interrupted must be resumed and 
new researches started with greater hope of suc- 
cess. Obviously it is advantageous to take up this 
hight for light on the mysteries of cancer armed 
with full knowledge of what others have accom- 
plished in the war vears and plan now to do. It is 
also important to utilize the most effective appar- 
atus which has become available. Then, too, secrecy 
is being lifted from scientific discoveries made in 
researches bearing on the war. Information about 
these may help to shape cancer research problems. 
The eagerness of those attending the Congress to 
spare no pains in the overcoming of obstacles was 





7 Because of absence, the author has not read proof of 
this article. 
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matched by their determination to pool their re- 
sources and go forward together. 

President Truman, in his opening message to the 
Congress, said: “This meeting has large signifi- 
cance to the United States and to the world at 
large from every point of view—social, economic, 
political and spiritual. No further argument is 
needed to support such a statement than the fact 
that in the United States alone 180,000 persons die 
annually of cancer. The last war showed more 
clearly than ever before the value of coordinated 
research. How fruitful, therefore, will be this as- 
sembly from the whole world of scholars interested 
in the solution of the cancer problem.” 

In a later telegram the President advised the 
Congress “that it is now possible for the United 
States to take an important forward step toward 
greater international cooperation in the field of 
medical and biological research. On behalf of the 
people of the United States I am pleased to an- 
nounce to the Fourth International Cancer Re- 
search Congress that progress in the production of 
radioisotopes by the United States Atomic Energy 
Commission now permits limited distribution to 
qualified research workers in other countries of 
radioisotopes principally for medical and biological 
research. I know that the representatives of the 
United States attending the cancer research con- 
gress share my hope that the open, impartial and 
truly international character of medical research 
will carry over into the realm of other problems of 
world concern. The sharing by and among all na- 
tions of both the means and the results of cancer 
research will reduce the loss of life and human sut- 
fering from disease throughout the world.” 

With such encouragement and with deepest per- 
sonal feelings of the urgency of the cancer problem. 
the Congress set to work framing suggestions for 
international cooperation. Within a very short 
space of time history was made in the creation of 
the International Cancer Research Commission 
consisting of a single representative of the following 
nations attending the Congress: 

Argentina: JUAN ESTEBAN PESSANO, Tucumon 
1694, Buenos Aires. 

Australia: R. Kaye-Scott, 105 Collins St. Mel- 
bourne. 

Belgium: J. Matstn, University of Louvain, Lou- 
vain. 
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Bolivia: Hrctor FERNANDEX FERRUFINO, Hnos. 
Machego No. 908, La Paz. 

Brazil: ANTONIO PRUDENTE, Benjamin Constant 
171, Sao Paulo. 

Canada: G. E. RIcHARDs, Ontario Cancer Treat- 
ment & Research Foundation, Toronto. 
Chile: A. RAHAUSEN, Dept. of Experimental Medi- 
cine, Avenida Irarrazaval 849, Santiago. 
China: Tu-SHAN JuNG, Dept. of Radiology, Pe- 

king Union Medical College, Peking. 

Columbia: RuBEN A. Garcia, Instituto del Ra- 
dium, Bogota. 

Czechoslovakia: H. Stxi, Dept. of Pathology. 
University Charles IV, Prague. 

Denmark: J. ENGELBRETH-HoLm, Universitetets 
Patologisk-Anatomiske Institut, Frederik V.s 
Vej 11, Copenhagen. 

Duchy of Luxembourg: SIMON HERTz, c/o Nathan 
Hertz, Grand ’rue et rue du Fosse, Luxem- 
bourg. 

Egypt: Joser N. Azzouni, St. Mary’s Hospital 
Group, 1325 S. Grand Ave., St. Louis, Mo. 
(acting for Official Delegate). 

El Salvador: Don Ricarpo Posapa, Universidad 
de el Salvador, San Salvador. 

France: A. LACASSAGNE, Laboratoire de Biologie, 
Institut de Radium de l]’Universitede Paris, 
Due d’Ulm 26, Paris. 

Great Britain: ALEXANDER Happow, Royal Can- 
cer Hospital, Fulham Road, London, SW3. 
Greece: EFSTATHIOS G. MINOPOULOs, Director 

General, Athens Anti-Cancer Institute, Athens. 

India: VASSONT R. KHANOLKAR, Director of Lab- 
oratories, Tata Memorial Hospital, Bombay. 

Iran: CHARLES OBERLING, Dean, Medical School 
of Teheran, Teheran. 

[rag: SALMAN Fatxk, Assoc. Prof., Royal College 
of Medicine, Bagdad. 

Italy: FRANCESCO PENTIMALLI, Instituto Patholo- 
gia General, San Andrea Dame 8, Naples. 
Korea: It Sun Yun, Dept. of Pathology, Seoul 

University Medical School, Seoul. 

Mexico: IGNActio MILLAN, Director of Tumor 
Clinic, General Hospital, Avenida Vera Cruz 
69, Mexico, D.F. 

Netherlands: R. KoRTEWEG, Laboratorium Antoni 
Van Leeuwenhoek-Ruis, Sarphatistraat 108, 
Amsterdam. 

Nicaragua: FERNANDO VALEZ 
D.N. 

Norway: Littv KrReyBERG, Dept. of Pathology, 
University of Oslo, Oslo. 

Palestine: A. HocHMAN, Hebrew University, Jeru- 
salem. (Memorial Hospital, Physics Dept., 
444 E. 68th St., New York City.) 


Paiz, Manuaga, 


————— 


Republic of Panama: ERNESTE ZuBIOTA, P.O. Box 
1595, Panama City. 

Peru: Epuarpo CACERES, Dept. of Anatomy, San 
Marcos University, Lima. (Chicago Tumor In- 
stitute, 21 W. Elm St., Chicago, Ill.) 

Philippine Republic: JUAN A. ARCELLANA, College 
of Medicine & Philippine General Hospital, 
University of Philippines, Manila. 

Portugal: MANUEL PINTO, Institute de Oncologia, 
Lisbon. (1324 Eutaw Place, Baltimore, Md.) 

Siam: CHANAI RUANGsIRI, Chulalankarana Uni- 
versity, Bangkok. 

Sweden: Ertk ASK-UPMARK, University of Upsala. 
Upsala. 

Switzerland: H. R. SCHINZ, Rontgenistitut & Ra- 
diotherapeutische Linic, Kantonsspital, Zurich. 

Regency of Tunisia: CHARLES W. ANDERSON, 
Directeur Du Laboratoire de Cancerologia de 
l'Institut des Hautes Etudes de la Regency, 
Tunis. 

Turkey: PERIHAN CAMBEL, General Secretary, 
Turkish Association for Cancer Research, An- 
kara. 


Union of South Africa: Lr. Cort. WEINBREN, 
SAMC, National Cancer Association of South 
Africa, Johannesburg. 

United States of America: E. V. Cownry, Prof. of 
Anatomy, Washington University, St. Louis, 


Mo. 

Uruguay: FE Ltx LEBorGNE, Ibicuy 1210, Monte- 
video. 

Venezuela: HERMOGNES RIvERO, El Ministro de 


Sanidad, Caraces. 

Representatives from Austria, Cuba, Equador, 
Paraguay, Java, Hungary and the Union of Soviet 
Socialist Republics, though named and expected, 
did not attend. 

Ethiopia, Lebanon, Dominican Republic, Eire, 
Finland, Saudi Arabia and Yemen, Afghanistan, 
Liberia, Costa Rica, Honduras, Poland, New Zea- 
land and Bulgaria indicated interest in interna- 
tional cooperation in cancer research. 

The 138 representatives from countries other 
than the United States included official delegates 
sent by their countries in response to the invitation 
transmitted to them by the U. S. Department of 
State, as well as many acknowledged leaders in can- 
cer research who had no official status. 

An organization meeting was held on September 
2 by these representatives from abroad, together 
with the following official delegates to the Con- 
gress appointed by the President of the United 
States: 


Joun J. BittNer, Minneapolis, Minnesota. 
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James P. Cooney, Colonel U. S. Army, Wash- 
ington, D. C. 

|’, V. Cowpry, St. Louis, Missouri. 

\V. U. GARDNER, New Haven, Connecticut. 

RoNALD L. GRAND, Commander U. S. Navy, 
Washington, D. C. 

ELISE L’ESPERANCE, New York, N. Y. 

(, P. Ruoaps, New York, N. Y. 

LEONARD L. SCHEELE, National Cancer Institute, 
Washington, D. C. 

SHIELDS WARREN, Boston, Massachusetts. 

RicHARD B. WILLIAMS, Commander U. S. Navy, 
Washington, D. C. 

Since the group was evidently too large to oper- 
ate effectively and some nations had numerically 
much larger representation than others, it was 
unanimously decided, after full discussion, to assign 
the duty of making recommendations to a smaller 
group consisting of but one representative from 
each of the 40 nations. This group was designated 
as the Executive Committee of National Repre- 
sentatives. 

The Executive Committee held meetings on Sep- 
tember 3, 4 and 5. A representative from each of 
three countries, the United States, Great Britain, 
and Mexico, successively presided over these meet- 
ings. The recommendations prepared were pre- 
sented for approval on September 6 in English, 
French and Spanish to the larger body of National 
Representatives, which established the executive 
committee, and they were approved. Later in the 
same day the recommendations were submitted to 
the entire Fourth International Cancer Research 
Congress and were adopted unanimously and en- 
thusiastically. These recommendations follow: 

A representative body, consisting of one mem- 
ber elected by each of the 40 national groups rep- 
resented at the Congress, advises the creation of 
an International Cancer Research Commission. 

This group of national representatives recom- 
mends that the Congress agree upon the following 
principles: 

1. That cancer research include all efforts to ad- 
vance our knowledge of cancer by clinical, expert- 
mental or other means. 

2. That the Commission consist of one member 
from each country here represented, with equal 
voting power. Other nations not here represented 
will be welcome on the same basis. 

3. That the principal source of financial support 
Should be governmental. 

4. That the governments should be invited each 
to send one national national representative who 
Should be actively engaged in cancer research, to 


serve for a period of three years, and advises that 
such representation be changed at the end of this 
three years. Further, that the Governments after 
two years select an additional representative who 
will serve without vote prior to succeeding the 
voting nominee. 

5. That the Commission should arrange meet- 
ings once a year, and never consecutively in the 
same country. 

6. That an executive committee be constituted, 
made up of five members and not more than seven 
as follows, with alternates: 

1 from Asia, 

1 from Latin America, 

1 from United States of America, 
2 from Europe. 


7. That the firse executive committee be con- 
stituted as follows: 


LATIN AMERICAN: 


Member Alternate 
Dr. Millan Dr. Lebornge 
(Chairman) 


UNITED STATES: 

Dr. Cowdry Dr. Gardner 
ASIA: 

Dr. Khanolkar Dr. Tu-Shan Yung 
EUROPE: 


Dr. Maitsin Dr. Lacassagne, 
Dr. Haddow Dr. Engelbreth-Holm 


8. That the Commission form part of the Union 
Internationale, replacing the Comite Scientifique. 
It advises that this Commission, within the organi- 
zation of the Union Internationale, be given the 
greatest possible freedom of action to attain its 
goal, and that it have direct power to solicit and 
distribute financial aid, which has been agreed to 
by the Union. 

9. That this Fourth International Research Con- 
gress requests of Governments that the group of 
national representatives here assembled and its 
Executive Committee be permitted to serve as the 
first appointee. 


ORGANIZATION 


Since the purpose of the Commission is to co- 
operate effectively in cancer research on a world- 
wide front, the principle of decentralization was 
accepted as basic. 

Thus, the Executive Committee is broadly rep- 
resentative and the agreement that no member of 
the Commission shall serve for more than 3 years 
will prevent gradual domination by a few people 
and will regularly spread the responsibility to oth- 
ers. The headquarters of the Commission, now in 
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Mexico City under the direction of Dr. Ignacio 
Millan (Avenida Vera Cruz 69), will move to the 
country of his successor in 1950. If, for some rea- 
son, his alternate, Dr. Leborgne, has to take his 
place before 1950, headquarters will be shifted to 
Montevideo, Uruguay, until Dr. Leborgne’s retire- 
ment. 

Meetings of the Commission will be held annual- 
ly, but never twice consecutively in the same coun- 
try since that would tend to promote what we are 
trying to avoid—centralization. In choosing the 
location of meetings the strength of nations in can- 
cer research will not be the determining factor. It 
was agreed that the meeting can sometimes do 
more good when held in a country actively striving 
to organize cancer research than in one already 
well advanced in this respect. 

As has been indicated, there is only one Com- 
mission member for each nation. These members 
have equal voting power irrespective of the size of 
the nations they represent. The value of the Com- 
mission depends solely upon free and regular ex- 
change of opinion and mutual helpfulness among 
its members and between the sovereign nations 
they represent. There is and can be no element 
whatever of control by the Commission as a body. 

This restriction of members to a minimum will 
reduce the cost of meetings to a coverage of the 
bare essentials. It will also call for greater care in 
the selection of members. The opinion has been 
repeatedly expressed that the members should be 
actively engaged in cancer research, that they 
should be nominated by national civilian organiza- 
tions and that they should be appointed by govern- 
ments. Indeed the demand for this modus oper- 
andi may lead to the formation of National Cancer 
Societies in countries not now so equipped and to 
the strengthening of such societies already oper- 
ating. 


DUTIES 


Many of the duties of the Commission are self- 
evident: (1) to strengthen the position of the 
charter members of the Commission representing 
the 40 member nations, (2) to arrange for the 20 
other nations who formally expressed interest in 
the International Cancer Research Congress to 
appoint members to the Commission and (3) to in- 
clude on the same basis Japan, Germany and Spain. 

A report on the Commission has been sent by 
the U. S. Department of State to all of the nations 
originally invited to appoint official delegates to the 
Congress. This will add dignity to the members 
and the cause in which they are working. In addi- 
tion, the Chairman of the Commission, ably sup- 


—— 


ported by those who attended the Congress who 
are in fact ambassadors of good will, will labor in 
the same direction. Thanks to these ambassadors, 
and in no small measure to the American Cancer 
Society, which assigned to the Congress an expert 
in Publicity, Mr. Patrick McGrady, the educated 
public in many lands is beginning to look to the 
Commission for progress in the fight against the 
common enemy, cancer. 

So much depends on the support given by the 
public of each country to its national representa- 
tive on the Commission that publicity looms large 
in the service rendered by the Commission. The 
Commission as a world group will give such assist- 
ance to its members when invited to do so: but 
never will it interfere by giving unsolicited advice. 
In some instances, descriptive pamphlets already 
available require only translation into other lan- 
guages before they can be distributed as desired 
by the members. In other cases they must be 
modified or completely rewritten to suit the local 
conditions. To guide such publicity directed to the 
achievement of world cooperation in cancer re- 
search would be an inspiring task for the right 
person. It must be well managed because a few 
mistakes would undermine the influence for good 
of the Commission. 

Already the Commission is in receipt of many 
welcome suggestions as to how it can best operate. 
Some are general in character while others are 
specific. The Chairman, Dr. Ignacio Millan, will 
take them all under advisement. It is his duty to 
reach a decision on his own responsibility, or, in 
case of doubt, to refer them to his Executive Com- 
mittee or to the whole Commission at some annual 
meeting. The same applies to other important ques- 
tions besides service. 

The Commission is ideally constituted for inte- 
gration by the pooling of information at the annual 
meetings to which the members will bring their 
hopes and plans for cancer research in their sev- 
eral countries and from which they will return en- 
couraged and strengthened by consultation with 
others dedicated to the same cause. It would be 
helpful if each member consented to make a brief 
progress report and if all of these reports could be 
combined and published as an annual world prog- 
ress report and if all of these reports could be com- 
bined and published as an annual world progress 
report on cancer research. The fellowship developed 
at the meetings should grow between meetings by 
mutual exchange of news, especially about new 
technics and apparatus, new research projects, and 
possibly concerning better means of diagnosis and 
treatment. 
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‘~ be most helpful the principle of two-way ex- 
chinge should be fostered. For all paths to lead 
in one direction promotes centralization, rather 
than decentralization, with spreading of coopera- 
tion. Travel for cancer research between nations 
should be more nearly equal going and coming. 
For example, it is helpful for investigators to visit 
England from Argentina; it is also advantageous 
for them to visit Argentina from England. Travel 
should be to all countries, as well as from all coun- 
tries, in drawing the world together for more ef- 
fective cancer research. 

Research would be facilitated if there could be 
some agreement on the nomenclature of malignant 
and benign tumors for at present there is a good 
deal of confusion. The American Medical Associa- 
tion, the American College of Surgeons ‘and the 
American Society of Clinical Pathologists have a 
committee now working on this subject. A mem- 
ber of this committee has approached the Com- 
mission with the idea that we want not a national 
nomenclature but a world nomenclature. Before 
adoption of the revised system of names, it should 
therefore be referred to the whole International 
Cancer Research Commission at one of its annual 
meetings. Preliminary discussion would facilitate 
matters. 

It is possible that the Commission might be able 
to devise a standard form for recording the clini- 
cal history of cancer patients acceptable to all of 
its member nations. Widespread use of this form 
would be of enormous assistance in cancer research 
because observations on cancer in different geo- 
graphic areas offering a wide variety of climatic, 
racial, nutritional and other important factors 
would then have been made on the same basis. In 
a word, the results would stack up constructively. 

Allied to these problems of nomenclature and 
clinical histories is that of Tumor Registries. A 
strong committee on Tumor Registries has been ap- 
pointed by Dr. Shields Warren of the Atomic En- 
ergy Commission. He has expressed himself as very 
sympathetic to the proposition that, if possible, the 
plans of organization should be so adjusted that 
the Commission will be able to recommend them 
for world adoption. This is, of course, a difficult 
task involving much friendly discussion with Dr. 
Millan and his associates, but it is very definitely 
worthwhile. 

It has been proposed that the Commission pro- 
ceed further in laying the basis for cancer research, 
not only by discussion and by reaching interna- 
tional agreements, but also by the actual contribu- 
tion of microscopic specimens. According to this 
plan, preparations would be made of recognized 


types of human malignant and benign tumors and 
of so-called precancerous lesions. These would be 
of high technical excellence. Other preparations 
would show microchemical technics as applied to 
cancers. Collections of such standard specimens 
would be supplied to the member nations wanting 
them. Like all activities of the Commission, this 
service if undertaken, should be cooperative. In- 
stead of having a central laboratory do the job, 
several members might be willing to share the work 
so that the headquarters of the Commission would 
only have to assemble the collections and dis- 
tribute them. 

Not infrequently cancer research is held up by 
lack of some chemical, dye, or piece of apparatus. 
The worker feels frustrated and may even abandon 
very promising investigations. When thus inhibited 
the various members of the Commission strategi- 
cally situated throughout the world should act as 
agents for the member in difficulty, or his friends, 
by advising him where the missing material or 
equipment can be secured with a minimum of de- 
lay. Such requests for aid should be channeled 
through the Chairman of the Commission. 

Much time can also be lost in cancer research by 
the investigation of side lines of little real signifi- 
cance for want of expert advice. Workers pride 
themselves in their independence and they tend 
often to learn the hard way by repeated failures. 
Having in mind the grim character of the killer. 
cancer, speed is needed. Therefore, help should be 
sought and the question is, where can it best be 
secured? The haphazard and often inadequate way 
is to write to one’s friends. In this matter I think 
the Commission can develop great usefulness. It 
might for instance decide to construct a master 
plan of cancer research which would include the 
names of a few leaders actively engaged on all 
fronts. Having done so, the Chairman of the Com- 
mission would then be in a position immediately to 
answer inquiries by sending the name and address 
of the person best qualified to advise wherever he 
may happen to be. This information is well known 
to mature investigators of long experience working 
in great centers of cancer research, but it is not 
known to beginners and to those more or less iso- 
lated geographically from others dedicated to the 
same objective. It is the high purpose of the Inter- 
national Cancer Research Commission to bring la- 
borers in this field of cancer together and to bolster 
teamwork. 


FINANCIAL SUPPORT 
There are two immediate financial needs of equal 
urgency: To provide for the first annual meeting 
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of the Commission and to supply headquarter’s 
expenses. 

At present there are 40 charter member Nations. 
By next summer, when the meeting will be held, 
it is expected that about 10 other Nations will 
have designated members. Travel expenses must 
then be obtained somehow for representatives of 
50 Nations. Certainly, some of these countries 
will pay the necessary expenses, whether from gov- 
ernmental or private funds. Others will obviously 
be unable to do so. The old selfish attitude would 
be to say, “Well, leave them out.” But to act in 
this narrow way would be greatly to cripple the 
usefulness of the Commission. Consequently, it be- 
comes the privilege of the more fortunate nations 
to help these others financially, with the under- 
standing that as soon as possible they will defray 
the expenses of their own representatives at future 
annual meetings. How many these will be is not 
known definitely—perhaps 30. Reckoning at 
$1,500 each, which was the amount usually allowed 
for travel to the Fourth International Cancer Re- 
search Congress in St. Louis, the sum to be raised 
for the first annual meeting of the Commission 
amounts to $45,000. 

The Chairman and members of the Commission 
serve for a maximum of 3 years without salary 
from the Commission. As they are busy people 
with other duties to perform, the Headquarters of 
the Commission needs to be strengthened by a full- 
time salaried staff not subject to the 3 years limita- 
tion, because it is important for some of them to 
carry on in the administration of subsequent chair- 
men in other parts of the world for the sake of 
continuity. This staff should consist of a Vice- 
Chairman, a Director of Publicity, 2 secretaries, 
and translators paid per diem. The annual cost of 
salaries would be in the neighborhood of $30,000. 

Expenses of headquarters are difficult to esti- 
mate. Offices and furnishings might well be loaned 


————— 


by the institution to which the Chairman belongs, 
Other items include materials, printing, postage. 
etc., plus a sum for travel between meetings of the 
Commission. The last named item is important 
because some of the member nations should be vis- 
ited and a meeting of the 5 member executive com- 
mittee would be essential. Such expenses would 
amount annually to about $20,000. 

Evidently, therefore, a total of about $100,000 
is required properly to launch this the first Inter- 
national Cancer Research Commission. This would 
permit operation for somewhat more than a year 
because the personnel could not be immediately as- 
sembled and at the beginning expenditures would 
be small but before the second annual meeting of 
the Commission, we hope further enlarged, addi- 
tional money would be needed. By that time a 
more extensive sharing of the expenses by member 
nations would be achieved. 

The problem is how to raise the initia! $100,000. 
The mechanism has been established. The re- 
ceipts thus far small and altogether unsolicited 
($1,490.72) have been deposited by the Treasurer 
of the Commission, Mr. E. S. Jones, in the First 
National Bank in St. Louis. Disbursements will be 
made on vouchers signed by the Chairman and 
another member of the Commission and periodic 
audits will be made for the Commission. In this 
country the National Advisory Cancer Council of 
the United States Public Health Service is legally 
unable to make grants for travel and it is doubtful 
whether the American Cancer Society can properly 
aid financially any activity outside of the United 
States. We believe that merely making known in 
the member nations the purpose, organization and 
activities of the International Cancer Research 
Commission will bring in adequate financial sup- 
port, since thinking people everywhere understand 
the need for cancer research on a world-wide basis. 
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